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abStract 
Unseen, unheard and unconsidered, Qatar’s migrant worker population is 
building one of the richest countries in the world. They labor in Qatar’s high 
heat index1 climate, which is coincidentally comparable to an Oriental sauna, 
wearing the most rudimentary of clothes. Working up to 60 hours a week, 
migrant workers fall victim to heat stress and dozens are hospitalized daily, 
starting as early as March and increasing in numbers during the peak months 
of June to August. 
Since clothes are essentially a “second skin,” affecting the rate and efficiency 
with which heat is exchanged between the body and its surroundings, a 
concept garment was designed to improve thermal comfort. Low-tech, 
indigenous heat-management systems are combined with new technologies 
and knowledge of human physiology to design a two-layer suit that aims to 
optimize heat exchange mechanisms. The suit enhances radiation, convection 
and evaporation by having a snug-fitting inner wicking layer and a loose-cut 
outer shell, and by using strategically placed vents, perforations, and Phase 
Change Material (PCM) packs. 
Using fiction as a medium of social commentary and critical design, the 
concept suit borrows from the superhero aesthetic to present the migrant 
worker in a new light. The suit denotes power, symbolizing the superhuman 
feat these workers perform and their true worth to the economy. Its aesthetic 
and function aim to improve worker morale and performance. 
Mapping, scoping and primary and secondary qualitative and quantitative 
research have been used throughout the design process. This is in addition 
to an ethnographic study, field observations, material explorations, body 
storming and experimentation.
1  The term “heat index” will be explained briefly in the following section.
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Figure 1. Gardener wearing 
new style face cover. 
Al Rayan Park, Doha, 
Qatar. November 12, 
2011, 1:00pm. Average 
temperature 27°C, average 
humidity 59%, heat index 
28 (caution).
KeyWORDS
Superhero, concept suit, critical design, thermal comfort, 
thermoregulation, heat stress, indigenous clothing systems, 
Bedouin, technical textiles, intelligent textiles, elementary 
occupations, Qatar.
     Not Another Space Suit - Alia Khairat Not Another Space Suit - Alia Khairat xix
vii 
ix
xi
ix 
xv
xv
xvii 
3
11 
15
16
18
20
21 
28
30 
  signaTures page
  absTracT 
  Table oF conTenTs
  Table oF Figures
  Table oF charTs
  Table oF Tables
  acKnowledgemenTs
  iNtroductioN
  coNtext
  Clothing and self-worth
  The nature of heat
  Climate in Doha, Qatar
  Heat exchange
  Heat and the human body
  Second skin
  Heat management in Qatar
33 
36
40
42
74
85 
87 
93 
100 
104 
129
144
155
169 
177
199 
  precedeNts
  Brief retrospect of work wear
  Reality fiction
  Clothes for heat
  Materials for heat
  desigN process
  Problem definition & scope
  Research
  Synthesis
  Concept generation
  Mockups, more sketching and a prototype
  The concept suit
  the exhibitioN
  coNclusioN
  appendices
  bibliography
table of contentS
Ta
bl
e 
of
 c
on
te
nt
s 
 
     Not Another Space Suit - Alia Khairat Not Another Space Suit - Alia Khairat xiiixii
Figure 1. Gardener wearing new style face cover 
Figure 2. Worker. North Duhail, Doha, Qatar. 
Figure 3. Heat index chart.
Figure 4. List of significant temperatures.
Figure 5. West Bay area, Doha, Qatar.
Figure 6. How the body core reacts to heat.
Figure 7. Three zones through which heat is exchanged.
Figure 8. Body’s sweat glands.
Figure 9. Heat injury patients, HMC emergency Ward in 2011.
Figure 10. Heat injury patients, HMC emergency Ward in 2010.
Figure 11. Severe heat stress cases, HMC in 2011.
Figure 12. Severe cases for 2010.
Figure 13. Severe cases for 2009.
Figures 14. Most common work positions.
Figure 15. The block cut of the galabiya.
Figure 16. The “tuta,” futurist Italian designer ernesto Thayaht.
Figure 17. Work wear, Russian constructivist Alexander Rodchenko.
Figure 18. The Graphic Body. Moschino by Rossella Jardini for A/W 2006- 2007.
Figure 19. The Muscular Body. Naoki Takizawa for Issey Miyake S/S 2001.
Figure 20. The Armored Body. Pierre Cardin for S/S 1994.
Figure 21. The Aerodynamic Body. Swift Suit by Nike launched in 2002.
Figure 22. The Mutant Body. As Four in 2003.
Figure 23. Overview of the costumes of indigenous desert people.
Figure 24. The empty Quarter. 
Figure 25. Bedouin man.
Figure 26. Bedouin man from the Levant region.
Figure 27. Omani man, 1945-1950.
Figure 28. Iraqi man, 1860-1890.
Figure 29. Jordanian man, 1940’s.
Figure 30. Pashtun man.
Figure 31. Tuareg girls wearing dry-dyed indigo clothes, Mali.
Figure 32. Tuareg man wearing tunic and serwal.
Figure 33. Tuareg man from Mali wearing boubou and serwal.
Figure 34. The jellaba worn with hood.
Figure 35. The jellaba worn without hood.
Figure 36. Common garment worn in Mali 
Figure 37. Local man wearing boubou from Niger.
Figure 38. Ancient egyptian winter tunic. 
Figure 39. Ancient egyptian pleats.
Figure 40. Traditional egyptian galabiya.
Figure 41. Traditional Sudanese jalabiya.
Figure 42. Afar from east ethiopia/Djibouti.
Figure 43. Afar from ethiopia wearing a Western shirt under the shawl.
Figure 44. Somali man.
Figure 45. Leather head band. 
Figure 46. San Bushman of the Kalahari Desert wearing a leather loincloth.
Figure 47. Wilfred Thesiger wearing Omani clothes 1945-1950.
Figure 48. Preparing the “Ptolomy” cold suit.
Figure 49. Wearing the “Ptolomy” inside the Naica Caves. 
Figure 50. The short, light jacket designed by the Mexican team. 
Figure 51. Inside the Naica caves wearing the light ice jacket.
Figure 52. Fourteen NASA astronauts in Nevada in January 1964.
Figure 53. A worker wearing the traditional T-shirt headdress.
Figure 54. Head gear (scarf) worn by gardener.
table of figureS
viii
14
17
17
19
20 
21 
22 
26 
26 
27 
27 
27 
29
37 
38 
39 
40 
41 
41 
41 
41
43
45
46
46
46
46
48
48
50
51
51
52
52
54
54
55
55
55
55
57
57
57
58
59
60
62
62
62
62
63
64
65
Ta
bl
e 
of
 fi
gu
re
s 
 
Figure 55. Head gear (ski-mask) worn by gardener 
Figure 56. Gardener wearing ski-mask face cover.
Figure 57. education City, Doha, Qatar.
Figure 58. Foam sunshade.
Figure 59. (Pharaonic) Nemes-style towel head cover.
Figure 60. Construction worker wearing new style face cover. 
Figure 61. Workers outside education City’s LAS building.
Figure 62. The contemporary thobe, ghotra and agal.
Figure 63. The contemporary bisht.
Figure 64. Women’s veil or taritat, northeastern Middle Atlas, Morocco.
Figure 65. Detail of taritat or veil.
Figure 66 Sketch of how a migrant worker might use kohl.
Figure 67. Himba girl.
Figure 68. Grinding red ochre to make otjize paste.
Figure 69. Pre-cool Nike Ice-Vest.
Figure 70. ergodyne PCM cooling vest bought as a sample. 
Figure 71. Frozen ergodyne PCM pack.
Figure 72. A graphic organizer illustrating “what” the thesis is.
Figure 73. The first mind map made in September 2011.
Figure 74. This mind map organizes the different thesis concepts. 
Figure 75. The process of applying the henna to the fabric.
Figure 76-77. Set up of henna experiment.
Figure 78. The bulb placed 10 centimeters away from the swatch.
Figure 79. Two thermometers placed on either side of the swatch.
Figure 80. Temperature recorded every 2 minutes.
Figure 81. Black henna swatch. 
Figure 82. Original red henna swatch.
Figure 83. Recording temperatures.
Figure 84. Comparison of all the swatches’ inner and outer temperatures.
Figure 85. Inner swatches’ temperatures.
Figure 86. Outer swatches’ temperatures.
Figure 87. Cargo pockets, mesh fabric on the sides, utility pocket on the sleeve.
Figure 88. Close-up of cargo pocket.
Figure 89. Uniform has open access (Velcro) to pants worn underneath. 
Figure 90. Uniform has open access with a metal snap. 
Figure 91. Raglan sleeve.
Figure 92. Zipper opens from both sides.
Figure 93. Pleated back seam and pleats at the waist.
Figure 94. Close-up of pleated back seam.
Figure 95-97. Close-up of stretched waist pleats.
Figure 98. elastic band that lines the waist pleats.
Figure 99. Mood board to synthesize the gestalt of the ethnographic study. 
Figure 100. Mood board that gathers all the different elements of research.
Figure 101. Main concepts used from the ethnographic study.
Figure 105. Summary of the three focus areas of the project.
Figure 103. Silhouettes inspired by traditional desert clothes.
Figure 104. Silhouette inspired by an image of a migrant worker’s silhouette.
Figure 105. Series of silhouette permutations.
Figure 106. Wind tower cooling system.
Figure 107. Badgheer: perforated panels and horizontal vents.
Figure 108. Clothing structure adapted from traditional Gulf architecture.
Figure 109. Beijing National Aquatic Centers or the “Water Cube.”
Figure 110. Sketch of the first “Water Cube”-inspired turban design.
Figure 111. Different ways to wrap the cooling turban.
Figure 112. My son modeling the different ways workers wear the T-shirt.
65
65
65
65
65
65
68
73
73
75
75
70
78
78
81
83
83
87
88-89
91
92
94
94
94
94
94
94
95
97
97
97
99
99
99
99
99
99
99
99
99
99
101
102
103
103
104
105
105
106
106
107
108
109
109
110
     Not Another Space Suit - Alia Khairat Not Another Space Suit - Alia Khairat xvxiv
Figure 113. Body storming.
Figure 114. Variations of the T-shirt head cover.
Figure 115. T-shirt permutations.
Figure 116. T-shirt permutations that were the origins of the final T-shirt design.
Figure 117. Making process of the first T-shirt mockup.
Figure 118. The first T-shirt mockup worn covering the head.
Figure 119. The T-shirt mockup with the head cover off.
Figure 120. Juxtaposition of pleats and desert dunes.
Figure 121. The Taichung Convention Center (MAD Architects n.d.).
Figure 122. Detail of pleats in worker’s coverall found in Qatari market.
Figure 123. elbow pleats on concept suit.
Figure 124. Pleats used as venetian blinds. 
Figure 125. Using expanding and retracting quality of pleats for head cover. 
Figure 126. Pleats to facilitate motion. 
Figure 127. Permutations of the thermoregulation jacket.
Figure 128. Thermoregulation jacket with cooling features. 
Figure 129. Attempted mockup inspired by North African block-cut.
Figure 130. Three key words mind map.
Figure 131. Three key words mood board.
Figure 132. Fashion and superhero Inspirations.
Figure 133. The first attempt at thermoregulatory, heroic suit.
Figure 134. Heroic suit featuring gussets and a low crotch.
Figure 135 and 136. Permutations of the super hero concept suit.
Figure 137. Back view of the super hero concept suit.
Figure 138. The gemsbok or gemsbuck.
 Figure 139 and 140. Suits that mimic desert animals.
Figure 141. Zipper mob.
Figure 142. The suit.
Figure 143. Draping the front of the third mockup.
Figure 144. Draping the back of the third mockup .
Figure 145. Draping the front of the fourth mockup.
Figure 146. Draping the back of the fourth mockup.
Figure 147 and 148. Testing the mockup for mobility.
Figure 149. Sketch of the T-shirt with compartments to hold PCM packs.
Figure 150. Sketch of the adjustable face cover. 
Figure 151. T-shirt mockup with the face cover to the front (covering the face).
Figure 152. The T-shirt with the face cover pushed back.
Figure 153. Different views of the T-shirt (inner layer of concept suit).
Figure 154. The original sketch next to the mockup before adjustments.
Figure 155. Back view of mockup while adjustments were being made.
Figures 156 and 157. Front view of mockup before adjustments.
Figure 158. Front flap added by tailor.
Figures 159 and 160. The back flap.
Figure 161. The mockup after adjustments. The crotch was made too high.
Figure 162. Pattern for pleats located in elbow and knee areas.
Figure 163. Circular thermochromic insert at the center of the chest.
Figure 164. Rectangular thermochromic patches on the side.
Figure 165. Thermochromic fabric.
Figure 166. Nansulate® Translucent clear thermal and mold resistant coating.
Figure 167. Liquid Glass resin.
Figures 168, 169 and 170. Testing the sealed thermochromic fabric.
Figure 171. Placement options for the water bottles.
Figure 172. Placement of pockets in mockup number two.
Figure 173. Mockup number two.
Figure 174. Third mockup.
Figure 175. Orange top stitching.
111
112
113
113
114
115
115
116
117
117
117
117
117
117
118
119
119
120-121
122-123
124
124
125
125
125
126
126
127
128
130
130
131
131
132
133
133
134
134
135
136
136
136
136
136
137
138
138
140
140
140
140
140
141
142
142
143
145
Ta
bl
e 
of
 c
ha
rt
s 
 
Figure 176. An attempt to place patterns to minimize fabric waste.
Figure 177. Three different views of the concept suit.
Figure 178. Bulging six pack.
Figure 179. Detail of perforated back panel.
Figure 180. Side opening and pleats at the waist. 
Figures 181 Waist pleats.
Figure 182. Detail of face cover and front opening with Velcro.
Figure 183. Detail of under arm gusset.
Figure 184. Detail of crotch region gusset.
Figure 185. The concept suit. 
Figure 186. Different views of the concept suit.
Figures 187. The Inner T-shirt layer with cooling pack inserts. 
Figure 188. The Inner T-shirt layer. Notice henna on wrists
Figure 189. Henna spots on the neck.
Figure 190. Thesis exhibition wall.
Figure 191. Panels that lined the bottom third of the exhibition wall.
Figure 192. exhibition set up.
Figure 193. Panel one: The bland, monotone, life-size migrant worker.
Figure 194. Panel two: “Sweat glands and pulse points.” 
Figure 195. Pane three: Gulf architecture-inspired “vents and perforations.
Figure 196. Panel four: “The turban” inspired from the Tuareg tribe.
Figure 197. Panel five: The cooling, wicking T-shirt.
Figure 198. Panel six: Masculine, but loose hero form.
Figure 199. Panel seven: Hydration.
Figure 200. Panel eight: The superhero.
Figure 201. Material samples.
145
146
146
146
146
146
146
146
146
148-149
150-151
152
152
153
156-157
159
160-163
164
164
165
165
165
166
166
166
196-197
Chart 1. Age.
Chart 2. Nationality.
Chart 3. Occupation.
Chart 4. Number of work clothes workers already have.
Chart 5. Number of work clothes received by workers yearly.
Chart 6a. Clothes worn under uniform (by type).
Chart 6b. Clothes worn under uniform (garment combinations).
Chart 7. The types of clothes workers are given.
Chart 8. Number of garments received by type.
Chart 9. Number of times clothes are washed weekly.
Chart 10. How many workers shower before work.
Chart 11. Number of showers taken per week.
Chart 12. Number of workers who travel in air-conditioned transportation.
Chart 13. Amount of water drunk at work.
179
179
180
181
181
182
183
184
185-190
191
191
192
192
193
table of tableS
table of chartS
194
194
195
Table 1. Inner temperatures.
Table 2. Outer temperatures.
Table 3. Inner and outer temperatures.
     Not Another Space Suit - Alia Khairat Not Another Space Suit - Alia Khairat xviixvi
Above all, I thank God Almighty for enabling me to complete this work. 
I thank my husband, who, without his discussions, spot-on insights and 
encouragement I could not have persevered, my daughter, Farida and my son, 
Karim and my parents who taught me the value of learning, tenacity and  
hard work.
In VCU, I must thank Dean Allyson Vanstone; Associate Dean of Academic 
Affairs, John Guthmiller; my thesis advisor, Thomas Modeen; my secondary 
advisors: Richard Lombard, Sandra Wilkins and Dr. Khaled Saoud; my 
reader, Michael Wirtz; as well as, Constantin Boym, Paolo Cardini, Sarah 
Lauck, Abdul Cader and Ibrahim Abdulghfoor. I especially thank: Pornprapha 
Phatanateacha; Law Alsobrook; Donald early; and the writing center, 
specifically, Jean Hodges, elena Indar Athwal and Molly McHarg. 
I also wish to express my gratitude to esther de Veuve, for helping me pick the 
fabric for my prototype and for helping me finish my first three mockups, you 
were a god send. Also, Ray Jureidini for his valuable feedback on the workers 
questionnaire, my colleagues: Amin Matni, Shaikha Al-Mahmoud and Rania 
Chamsine, Akbar Tailor for the prototype, Dylon Adonis for modeling and 
Jacki Woodworth for getting me through a very rough time.
 
At work, I need to acknowledge Ms. Moza Al-Boainain, Dr. Miles Lovelace and 
Nihan Mirajkar, as well as, all my colleagues who helped with translating the 
workers questionnaire. 
Finally, thank you Richi. It would have been impossible to manage a full-time 
job, the MFA and my home without you. 
Al Hamdullellah.
acknowledgmentS 
Ac
kn
ow
le
dg
m
en
ts
  
Not Another Space Suit - Alia Khairat 3
iNtroductioN
     Not Another Space Suit - Alia Khairat Not Another Space Suit - Alia Khairat 54
In
tr
od
uc
tio
n 
 
The industrial worker, whose occupation requires various degrees 
of physical effort for sustained periods of the workday, is a unique 
breed of athlete. The ability of this individual to perform physically 
may have direct bearing on the productivity and competitiveness of 
the worker’s company, much like the success of an athlete’s team. 
The stakes of life or death situations faced by some workers can elicit 
physical and psychological stresses that are greater in magnitude 
than those faced during world-class athletic competition.
 (Bates et al. 1997)
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hypoThesis
The materials and fibers closest to our bodies—our clothes—serve as a 
“second skin,” directly affecting the rate with which heat is transmitted from 
the ambient environment to the body. Clothes may significantly contribute 
to heat-related illness, especially when combined with physical activity 
in Qatar’s high heat index climate. Suitable attire is therefore critical to 
facilitate thermal comfort and reduce the hazards of heat stress. Given the 
active and mobile nature of the work performed by Qatar’s migrant workers, 
adjustments to the workers’ garments, rather than to the work site were 
deemed the most practical. 
Moving away from a sophisticated “space suit” or Personal Protection 
equipment  (PPe) model, the aim is to combine heat management systems 
used by indigenous desert dwellers and desert survival experts with new 
technologies used by scientists and explorers of the Naica caves and by 
athletes to provide a low-tech, intuitive clothing system—a concept suit— 
that improves thermal comfort. The concept design reached, may also benefit 
unacclimatized groups, such as tourists, children and the elderly, who, due to 
rising and fluctuating global temperatures, will be exposed to heat-related 
illnesses at a more frequent rate.
While the function of the suit is primarily directed towards the problem 
of thermal comfort, the form aims to project an image of power and 
strength. The worker is compared to a superhero. The superhero aesthetic 
and improved thermal comfort aim to boost worker morale. The superhero 
concept was inspired by the Icelandic fashion designer Sruli Recht’s process of 
identifying three key words to embody his collection, Field Dressing (Dezeen 
2012). This is described in more detail under the “three key words” section in 
the Chapter 3: Design Process.
Inspired by body armor and superhero “suits,” the form uses fiction to shed 
light on the anonymous worker, and flirts with the ideas of social status, 
perception and pride. These men work in extreme conditions and are literally 
building one of the richest countries in the world from the ground up, yet they 
are at the bottom of the social pyramid—outcasts, anonymous, unrecognized. 
What would a suit that denotes pride, power and accomplishment look like? 
A cool “cooling suit,” but definitely not a parody or a patronizing reminder 
that they are powerless.
Throughout this thesis the term concept suit will be used to refer to the 
garment designed for this thesis project.
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These groups are: elementary Occupations; Plant and Machine Operators, 
and Assemblers; Craft and Related Trade Workers; and Skilled Agricultural 
and Fishery Workers (International Labour Office and International Labour 
Organization 2012). The Qatar Statistics Authority uses the ISCO.
While the issue of migrant workers in Qatar is multi-faceted and complex, 
this thesis focuses on just one element—the problem of heat stress. Due to 
the lack of published data, it is impossible to determine the exact number of 
migrant workers affected by this problem. However, blue-collar construction 
workers, who constitute approximately 22% of Qatar’s population (more than 
420,000 workers), are definitely within this afflicted group. Other industries 
that may trigger heat stress are the “Agriculture, Forestry and Fishing” 
industry (16,711 workers) and the “Mining and Quarrying”3 industry (52,623 
workers), which includes the oil and gas industry. Blue-collar workers in these 
three industries constitute nearly 26% of Qatar’s total population (over 
490,000 workers) (Qatar Statistics Authority 2011, 100, Table 40). 
So, as the majority of Qatar’s 1.9 million population only experience its severe 
weather through the window of an air-conditioned interior, these migrant 
workers are obliged to work in its intense climate—a feat that most people 
overlook. Unequipped with adequate Personal Protection equipment (PPe), 
these workers are unseen and unconsidered. Neglecting these workers’ health 
and wellbeing sends a message: you are expendable. 
3  Industry classifications are based on the classifications used by the Qatar Statistics Authority 
(Qatar Statistics Authority 2011, 151)
introduction
The introductory excerpt, on the previous page, from a roundtable discussion 
conducted by Gatorade Sports Science Institute (GSSI) entitled, The 
Industrial Worker: A Different Breed of Athlete, forms an unusual yet important 
comparison between the industrial worker and the athlete. It not only 
provides an indication of the level of physical stress workers endure, but it 
also underscores the importance of the industrial worker’s performance to 
his “team” or company. Both the worker and the athlete push their bodies 
beyond human limits. The athlete’s feats are celebrated as he/she rises to 
superstar status, but what of the industrial worker’s feats?
Workers are valued in many countries around the world. They have the right 
to form unions and to collectively negotiate better pay and better working 
conditions. A lot of countries also have monuments to glorify the worker and/
or a national holiday to recognize the worker’s contribution. International 
Workers’ Day, May Day or Labor Day are national holidays in more than 80 
countries, including Arab countries such as: egypt, Algeria, Libya, Lebanon, 
Syria, Iraq and Bahrain. They are “celebrated unofficially in many other 
countries” (Nilsson 2012). Unfortunately, the case is not so in Qatar. There is 
no Labor Day and even though approximately 94% of the Qatari work force 
is non-Qatari (Qatar Statistics Authority 2011, 10), Qatari labor law prohibits 
non-Qataris from forming unions, collective bargaining and striking (Human 
Rights Watch (Organization) 2012, 42–43). So, whereas in most countries 
workers are able to negotiate for their rights, the migrant worker in Qatar 
must agree to the status quo, or suffer the consequence2. 
The terms migrant workers, workers and laborers will be used interchangeably 
throughout this thesis to refer to blue-collar workers. The International 
Standard Classification of Occupations (ISCO) was used to define the major 
blue-collar occupation groups. 
2   As opposed to white-collar expatriates working in Qatar who have the income and 
education to make a comfortable living when their contracts in Qatar end or are terminated, 
most blue-collar migrant workers incur huge debt just to obtain work in Qatar. Losing their job 
would mean that they have no way of paying back this debt. Those that are not in debt support 
families back home, and losing their jobs would mean that these families lose their income and 
their chance at a better education and/or better life. 
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delimitations 
The final outcome is a “concept suit.” It does not presume to be fully 
functional, even though precedents and scientific papers support all concepts. 
The final suit will need additional multi-disciplinary collaboration with a 
number of specialists, to assess practicality and usability, and to verify its 
effectiveness to manage heat in Qatar. The concept suit is focused on bringing 
forth through symbolism and fiction the problem of thermal comfort and the 
underlying issue of neglect.
Testing and verifying the efficiency, in Qatar, of thermoregulation gear 
available in the international market also will not be possible, as it requires 
time, scientific testing resources and accessibility to a migrant worker test 
group that is unavailable at this point. Difficulties in obtaining proposed 
materials quickly and in sample quantities has also hindered and limited 
proper testing. It is therefore necessary to rely on verified and published data.
While thermoregulation wear may be appropriated for different groups of 
people who are affected by sudden climate extremes experienced today 
due to global warming, the current focus of this thesis will be limited to 
the migrant worker population. Future studies will be devoted, however, to 
bringing relevant findings and thermoregulation solutions to a wider market.
Current work wear has a number of issues: hygiene, durability and the 
aesthetic image. While hygiene is definitely an important consideration, it 
will not be the focus of this study, at this point. However, durability has been 
taken into consideration when selecting materials, and the aesthetic image is 
an integral part of the redesigned concept suit.
Reference to Qatar’s climate is based primarily on the capital city of Doha. 
Heat stress affects workers’ health, safety and security as well as their 
efficiency and productivity on site. It is, however, a complex, culturally 
sensitive and multi-faceted issue with multiple stakeholders4. The 
stakeholders are needed to formulate, regulate and implement legislative, 
administrative and logistical systems that alleviate the problem. However, 
while it is imperative to bring these various stakeholders “on board” with 
the issue and to gauge the level of their involvement to produce long-term 
solutions, the focus of this thesis will be limited to improving thermal comfort 
of the work wear.
Design ethnography studies conducted were not as immersive and empathic5 
as the term suggests because of the vast geographical area the research 
encompassed. Studies did, however, involve extensive use of catalogued 
research, primarily, but not exclusively from the Berg Fashion Library, as well 
as photo studies. In the case of Qatar, a fly-on-the-wall field observation 
method and examination of all the workers’ coveralls that are available in 
the Qatari market was selected as a less obtrusive method of study. This was 
because of cultural limitations and language barriers that made it difficult to 
fully and directly engage with the workers.
4  Stakeholders include, but are not limited to, the employer, the Supreme Health Council, the 
Ministry of Labor and the Ministry of Interior.
5  “Design ethnography approximates the immersion methods of traditional ethnography, to 
deeply experience and understand the user’s world for design empathy and insight” (Hanington 
and Martin 2012).
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 thesis outline 
Chapter one establishes context, both conceptually and pragmatically. It 
briefly highlights the importance of clothing and self-worth then presents 
relevant background information about heat exchange, how heat affects the 
body and how the body deals with extreme heat and acclimatizes to it. This 
highlights the degree of thermal discomfort migrant workers in Qatar endure. 
Chapter two presents and examines antecedents and precedents. These 
include: a literature review and an image analysis of regional clothing systems 
worn to cope with hot climates by: the Bedouin of Qatar and the Middle 
east, natives from countries with a similar climate, as well as Orientalists 
and colonialists who came to the Indian sub-continent and the Arabian 
Peninsula. Current thermoregulation practices, supported by data gathered 
from a workers questionnaire and information recently published by Human 
Rights Watch (Human Rights Watch (Organization) 2012) in Qatar, are also 
presented in this part. Focus is on the male migrant worker population, as 
they are the population that is almost exclusively exposed to high heat index 
climates. Natural and technical thermoregulation materials are also reviewed. 
The Köppen Geiger Climate Classifications are used throughout the thesis to 
identify hot, arid and hot, semi-arid desert regions.
Chapter three shows the design process: first, by explaining the different 
design methods used to define and scope the problem; second, by briefly 
identifying the research methods used to gather information; and third, by 
showing the process used to map and synthesize concepts. The concept 
generation and prototype phase followed. 
Chapter four is devoted to the thesis exhibition. Finally there is a Conclusion 
that includes findings, an evaluation and further directions, as well as an 
Appendix with charts, tables and material samples follows.
research methods 
Qualitative and quantitative methods were used to gather primary research. 
This included, but was not limited to, observations, artifact research,  
a workers questionnaire and an experiment to determine the cooling effect 
of henna on fabric. extensive secondary research and a literature review were 
used to gather information for an ethnographic study and precedents. In 
addition, cognitive mapping, body storming and prototyping were used to 
explore, generate, develop and evaluate design concepts. 
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One knew, of course, that it was not the red cape, blazoned with a 
small golden version of the shield on his chest that gave Superman 
the ability to fly. That the ability derived from the effects of the rays 
of our yellow sun on Superman’s alien anatomy, evolved under the 
red sun Krypton. And yet you had only to tie a towel around your 
shoulders to feel the strange vibratory pulse of flight stirring in the 
red sun of your heart.
(Bolton and Chabon 2008, 13)
Cl
ot
hi
ng
 a
nd
 se
lf-
w
or
th
  
     Not Another Space Suit - Alia Khairat Not Another Space Suit - Alia Khairat 1514
clothing and 
Self-worth 
Clothes are not only the first shelter we seek, but they are also the 
psychological refuge behind which we hide our insecurities. Clothes are the 
armor in which we face each other. “Clothes,” as Mark Twain wrote, “make 
the man.” When we are appropriately dressed for the type of activity or role 
we’re playing, be it a party, a job interview or a hike, we are more confident 
about our abilities, and this pushes us to perform better.  We are essentially 
able to convince ourselves, and those around us, of our skills. In fact, “Our 
clothes are the image and the guarantee of what we are and what we do” 
(Toscani and Saillard 2009, 9). 
Jennifer Craik writes in her book, Uniforms Exposed: From Conformity to 
Transgression, “The uniform … is a radical form of clothing that is employed 
to announce a particular type of identity that acts both as a shorthand of 
the kind of behaviour exhibited by the wearer and expected by the observer” 
(Craik 2005, 5), Craik adds, “Uniforms seem to have a life of their own. People 
wearing uniforms often report feeling different in a uniform. In effect, the 
uniform wears them” (Craik 2005, xviii). So if a doctor’s coat communicates 
skill and inspires trust, if a police officer’s uniform communicates authority 
and inspires respect, what does the workers’ uniform in Qatar connote? 
Anonymity, poverty, subordination? 
yes, growing up we might have heard the old adage that warned us not to 
judge a book by its cover, but a person’s appearance and the clothes they 
wear form our first impression. Wouldn’t a “heroic suit” denote the worth and 
strength of these workers—these unsung heroes? 
Similar to the archetypical superhero, the migrant worker is an orphan. 
He may not be so in the literal sense, but he is essentially detached from 
society and isolated from his family, living on the fringe of the Qatari society, 
tucked away and hidden in the industrial area, only to appear during his 
shift swathed from head to toe. Surely, a broad-shouldered, cooling suit 
that improved the worker’s comfort level, especially his thermal comfort, 
would suggest that the workers were cared for and revered; that their health, 
safety and security mattered; and that they are relevant members of the 
community. Such a gesture of respect and care for the worker will certainly be 
well received, inspiring job loyalty and boosting worker morale. 
Cl
ot
hi
ng
 a
nd
 se
lf-
w
or
th
  
Figure 2. Worker. North 
Duhail, Doha, Qatar. March 
22, 2012, 11:18am.
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how hot is “hot”?
Figure 3 (left). Heat index 
chart adapted from U.S. 
NOAA National Weather 
Service Heat Index 
(McDonald, Shanks, and 
Fragu 2008). 
Figure 4 (right). List of 
significant temperatures. 
Adapted from The Zunis 
Foundation table (The Zunis 
Foundation 2009).
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Heat is a form of energy 
associated with the motion 
of atoms or molecules and 
capable of being transmitted 
through solid and fluid media by 
conduction, through fluid media 
by convection, and through 
empty space by radiation. 
(“Heat” 1995)
the nature  
of heat 
Temperature is the average measure of the thermal energy or heat of 
particles in a substance and is measured in degrees Celsius (°C) or in degrees 
Fahrenheit (°F), where 1°C = 33.8°F. The temperature unit used throughout 
this paper is degrees Celsius.
Heat index is the most common standard used to determine the level of 
thermal comfort. Heat index combines air temperature and relative humidity 
to indicate the level of “apparent” or “felt” heat. It does not, however, 
incorporate other important heat-loss/heat-gain factors, such as the effect of 
radiation and convection, air velocity, individual metabolic rate and work rate, 
as well as the effect of clothes. 
The heat index chart in figure 3 shows how a moderate air temperature will 
have a high index in the presence of high humidity levels. The chart also 
indicates proper response guidelines to the different levels of heat index. 
Figure 4 is a list of significant temperatures. 
heat stress iNdex
Danger 
Category
Heat 
Index
Heat  
Syndrome
IV. extreme  
  danger
≥ 54 Heat stroke or sunstroke imminent.
  III. Danger 39-53 Sunstroke, heat cramps and heat exhaustion likely. Heat 
stroke possible with prolonged exposure and physical activity.
     II. extreme 
  caution
32-38 Sunstroke, heat cramps and heat exhaustion possible with 
prolonged exposure and physical activity.
        I. Caution 27-31 Fatigue possible with prolonged exposure and physical activity.
note: degree of heat stress may vary with age, health and body characteristics.
Relative Humidity
A
ir 
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)
  10%     20%     30%     40%     50%     60%     70%     80%     90%
50 54 >54 >54 >54 >54 >54 >54 >54 >54
49 47   54 >54 >54 >54 >54 >54 >54 >54
48 45   53 >54 >54 >54 >54 >54 >54 >54
47 44   51 >54 >54 >54 >54 >54 >54 >54
46 43   49 >54 >54 >54 >54 >54 >54 >54
45 42   47   54 >54 >54 >54 >54 >54 >54
44 41   46   52 >54 >54 >54 >54 >54 >54
43 40   44   49 >54 >54 >54 >54 >54 >54
42 39   42   47  54 >54 >54 >54 >54 >54
41 38   41   45   51 >54 >54 >54 >54 >54
40 37   39   43   48   54 >54 >54 >54 >54
39 36   38   41   46   52 >54 >54 >54 >54
38 35   37   39   43   49   54 >54 >54 >54
37 34   35   38   41   46   51 >54 >54 >54
36 33   34   36   39   43   48   54   54 >54
35 32   33   35   37   41   45   50   54 >54
34 31   32   33   35   38   42   47   52 >54
33 31   31   32   34   36   40   43   48   54
32 30   30   31   32   34   37   40   44   49
31 29   29   30   31   33   35   38   41   45
30 28   28   29   30   31   33   35   38   41
29 27   27   28   29   30   31   33   35   37
28 27   27   27   28   28   29   31   32   34
27 26   26   26   27   27   28   29   30   31
26 25   25   26   26   27   27   27   28   28
Boiling point of water.
Temperature of a Finnish Sauna.
Highest temperature ever recorded at the earth’s surface (Libya).
Highest US temperature (Death Valley).
Temperature reported during January 1997 Australian Open 
Tennis Tournament.
Highest european temperature (Spain).
Temperature reported during July 1995 Tennis Tournament, 
Washington D.C.
Human core temperature which cannot be sustained 
during exercise.
Human core temperature maintained at rest for 1 hour during 
whole body heating for treating certain cancers and AIDS.
Core temperature sustainable by top endurance athletes 
during exercise. 
Core temperature at which most athletes collapse.
Temperature at which the Australian Open Tennis Tournament 
allows postponement of matches.
Temperature at which US Marine Corps recruit physical training 
was previously halted.
Temperature at which the Women’s Tennis Association allows a 
10-minute break between 2nd and 3rd sets.
1996 US Olympic Trials, Women’s 10 Km Walk, 33% of athletes 
required medical attention for heat-related problems.
1996 Olympics, Men’s Marathon, 11% of runners required 
medical attention for heat-related problems.
1996 Olympics, Women’s Marathon, 24% of runners required 
medical attention for heat-related problems.
100°C  
79°C to
93°C
57.8°C
56.7°C 
54.4°C 
50°C 
47.8°C 
42°C 
41.7°C 
38.9°C to
40.5°C 
38.6°C to
40.0°C 
40°C 
37.8°C 
32°C 
31°C 
23°C to
31°C 
21.3°C to
25.3°C
eat iNdex chart
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From May to September 
temperatures in Qatar range 
from 30 ˚ to 50 ˚ Celsius  
(86 ˚ -122 ˚ Fahrenheit) with 
relative humidity from  
20 to 95 per cent. 
(RasGas 2007)
climate in  
doha, Qatar 
According to the Köppen Geiger Climate Classifications6 Qatar is identified 
as an arid, hot desert. Deserts are described as arid regions that receive “less 
than 250 millimeters of annual rainfall” (USGS 2001). Qatar receives an 
average of 80 millimeters of rain annually. Although the country’s climate is 
classified as hot and dry, the humidity on its coast may reach an average of 
90% during the summer. Humidity poses a challenge, as it hinders the body’s 
ability to dissipate heat.
Qatar’s urban layout is sparse. The city of Doha sharply contrasts with 
the uninterrupted flat terrain of the Bedouin’s desert environment. Glass-
clad high rises and concrete structures (figure 5) radiate and reflect heat 
exacerbating the effects of Doha’s hot, humid climate and creating an urban 
heat island. Cars and machinery add to the urban heat island phenomenon. 
6  Created in the 1900s and later updated in 1961 by Rudolf Geiger, the Köppen Geiger Climate 
Classification System is the most widely used climate classification system. Markus Kottek, 
Jürgen Grieser, Christoph Beck, Bruno Rudolf, and Franz Rubel recently updated the system in 
2006 (Kottek et al. 2006).
Figure 5. West Bay area, 
Doha, Qatar in March 2011.
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heat and the 
human body 
To understand the extent of the thermal load migrant workers experience 
during the summer months, one must understand the human body, its 
thermal norms, its reaction to heat, how the body adapts and when 
adaptation and acclimatization fail, resulting in morbidity and/or mortality.
mean body temperature
The brain is responsible for regulating the core body temperature, thereby 
protecting itself from the potential damage caused by thermal extremes. 
To operate efficiently core temperature must be maintained at 37°C ± 
0.6°C. While the body regulates and maintains an almost constant core 
temperature8, the shell (skin) temperature9 is adaptable and influenced by 
surrounding temperatures (figure 7) and the amount of skin blood flow  
(figure 6). The shell serves the core and is manipulated by skin blood vessels 
that constrict and dilate for thermoregulation (Gisolfi and Mora 2000, 100).
The “thermal neutral zone”10, where the nude body in a fasted state is able  
to comfortably rest without resorting to thermoregulation, is when the 
ambient temperature is between 25° to 27°C (Gisolfi and Mora 2000, 
103). Higher ambient temperatures cause the body to sweat and lower 
temperatures cause shivering. 
The skin’s thermal neutral point is between 33° to 35°C. This is “the range 
of skin temperatures over which adjustments of skin blood flow suffice to 
maintain core temperature constant in a resting person” (Brengelmann 2003). 
8  In humans, the core consists of the abdominal, thoracic and cranial cavities  
(Gisolfi and Mora 2000, 98).
9  Shell temperature is that of the skin, subcutaneous tissue and muscles  
(Gisolfi and Mora 2000, 98).
10  The terms thermo-neutral zone or point and thermal neutral zone or point  
are used interchangeably.
The body’s thermal neutral zone changes when acclimatized, as is explained 
later on in this Chapter, in the “Acclimatization” section.
Withstanding high temperatures is possible if humidity is low. In hot saunas 
temperatures may reach 100°C, but humidity levels are low, around 25%. 
Conversely, Oriental steam baths reach 100% humidity but have a much 
lower temperature of about 40°C. High humidity and high temperatures 
combined—wet heat—scald the skin. The duration of time spent in an 
extreme environment and the amount of physical exertion are fundamental. 
Saunas and steam baths are bearable because they are endured for short 
periods of time in a relaxed state. The same amount of heat and humidity 
over a longer period of time, with added physical exertion, would be lethal.
Figure 6 (opposite page). 
The illustration, adapted 
from Aschff and Wever, 
1958, shows how the body 
core reacts to heat and how 
different parts of the body 
have different temperatures 
(Mount 1979, 2). 
Figure 7. Diagram shows the 
three zones through which 
heat is exchanged, the body 
core, the shell or skin and 
the ambient environment.
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heat exchange 
Numerous factors contribute to our bodies’ producing and storing more 
heat energy than we need to maintain homeostasis. Over 70% of the 
body’s energy intake is converted into heat, with about 30% of the total 
heat production due to the muscle contraction during various activities 
(Gisolfi and Mora 2000, 96). In addition, heat is gained from our surrounding 
environment, especially from the sun, by means of radiation. In fact, any 
object with a temperature greater than 0 Kelvin7 (-273°C) will emit some 
radiant energy. 
There are four means of heat exchange: radiation contributes to 60% of the 
body’s heat loss or gain; convection and conduction constitute 20%; and 
evaporation, the most effective cooling mechanism, constitutes 20%. Usually, 
only about 50% of the sweat produced is evaporated, with this estimate 
increasing between 10-15% in acclimatized and fit individuals (Gisolfi and 
Mora 2000, 104). It is important to point out that it is not so much the 
process of sweating as it is the water on one’s skin and the subsequent 
process of evaporation that actually cools the body. The case of the “high 
school miler from Des Moines, Iowa, who was born with anhidrotic ecto-
dermal dysplasia [no sweat glands]” is a good example. The athlete was able 
to complete the mile because “his teammates formed a bucket brigade and 
doused him with a bucket of water every quarter-mile of the race, to produce 
evaporative heat loss” (Gisolfi and Mora 2000, 104).
A heat gradient between the body’s core, the skin and the surrounding 
environment should exist in order to achieve cooling. When temperatures are 
too high, heat exchange mechanisms prove ineffective. Radiation, convection 
and conduction add to the body’s thermal load when ambient temperatures 
exceed that of the skin, while the most important means of heat release—
sweat evaporation—is hindered by ambient humidity and ceases completely
7  Kelvin (k) is the international system (IS) of units to measure thermodynamic temperature.
when humidity reaches 100% (OSHA 1999). Heat dissipation by convection 
and evaporation are also greatly influenced by ambient air velocity—the 
higher the air velocity, the quicker perspiration evaporates off of the skin to 
cool the body. Hot air, however, will add to the body’s thermal load. For these 
reasons, Qatar’s urban climate is especially harsh, as high humidity and high 
temperatures impede heat loss.
thermoregulatioN
The human body 
& its surrounding 
environment
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Research by Tyler and Sunderland entitled, “Cooling the Neck Region During 
exercise in the Heat,” showed that cooling the neck region with a cooling 
collar filled with gel refrigerant “allowed participants to tolerate higher 
rectal temperatures [39.61 °C ± 0.45°C] and HRs [heart rates] before they 
voluntarily terminated exercise.” The study concluded that a “dampening of 
the perceived level of thermal strain” was achieved by wearing the cooling 
collar during physical exercise (Tyler and Sunderland 2011). This dampening 
effect, however, may be potentially dangerous if unmonitored since the 
person may continue to exert himself/herself, risking heat illness.
Other areas of the body that cool down quickly are the body’s pulse points 
(figure 194 in the “exhibition” section) and sweat gland regions (figure 8). 
The body’s pulse points are located on the neck, the temples, the inner wrists, 
inside the elbow bend, the back of the knees, the inner thighs, the ankles and 
on the top of the feet. These areas cool down quickly because blood vessels 
in these regions are closest to the skin (Desy 2013). There are three types of 
sweat glands: the sebaceous glands located in the scalp, face, back and chest; 
the apocrine glands located in the belly button region, armpits, genitals and 
anal area; and the eccrine glands, which are all over the body but are most 
active in the palms, armpits, soles of the feet and forehead. Aerating these 
regions encourages evaporative cooling. 
A final point to mention in this section relates to sleep. According to the 
research presented by Gisolfi and Mora in their book, The Hot Brain: Survival, 
Temperature, and the Human Body, non-rapid eye movement (NReM) sleep 
increases after a day of elevated brain temperature resulting from physical 
exertion, but is unaffected when the body, and thus the brain, is kept cool 
during the same bouts of exercise. This suggests “that the brain somehow 
stores information about how long brain temperature is elevated during 
the day and then compensates for this ‘awake heat load’ by sleep-related 
cooling (McGinty and Szymusiak 1990, 88; Gisolfi and Mora 2000, 83–88).
If sleep is compromised for some reason, the body will not recover properly 
from the thermal overload of a long, hot day’s work and fall ill. According 
to interviews and data published in the 2012 Human Rights Watch Report, 
migrant workers in Qatar fall into this endangered population because 
their living conditions are: overcrowded (up to 25 workers in a room); 
unhygienic (mold and bug infestation, garbage and sewer overflow near their 
accommodations); uncomfortable (sometimes sleeping on wooden planks 
rather than mattresses); and, most disturbingly of all, extremely hot (due to 
the employer’s failure to fix broken air conditioning units for sometimes up to 
an entire year, forcing workers to sleep on the roof of their accommodations 
in the stifling heat) (Human Rights Watch (Organization) 2012, 65).
acclimatization 
Acclimatization allows the human body to withstand a wider range of thermal 
temperatures. Heat acclimatization triggers perspiration at a lower core 
temperature (37°C rather than 37.5°C), and sweat becomes more watery as 
the body retains more sodium. This is important because an imbalance in 
the most important electrolytes (calcium, sodium and potassium, may cause 
cardiac arrest (Brouhard 2010). The early onset of sweat increases evaporative 
cooling. Acclimatized individuals react to cold climates by shivering at a much 
later stage. Acclimatization occurs with repeated short-term exposure to heat 
or cold for a period of time, usually from four to fourteen days. Consequently, 
the Qatar Supreme Council of Health recommends that migrant workers 
undergo an acclimatization program before starting regular shifts (“Don’t Put 
New Workers on Jobs” 2011). 
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 thermoregulation machine 
The hypothalamus, found in the brain’s limbic system, is the body’s 
thermoregulation center and provides autonomic thermoregulation. The 
hypothalamus receives signals about the body’s thermal state from “thermo-
receptors” that are located throughout the body (Tyler and Sunderland 2011). 
When the body is exposed to heat the hypothalamus signals and the “cardiac 
output” increases, rushing blood from the “visceral organs to the working 
muscles and skin… skin blood flow may be up to 20-fold higher than at 
resting level” (yamasawa and Brown 1996, 3). The skin’s blood vessels expand 
(vasodilation) in order to release as much heat as possible, and the body’s 
sweat glands produce perspiration to dissipate heat via evaporative cooling. 
Cooled blood from the now-cooled shell (skin) circulates to cool the body’s 
core and, ultimately, the brain’s hypothalamus. 
In cold conditions, the opposite occurs. The hypothalamus signals for the 
body to retain heat by confining blood circulation to the body’s core. The 
skin’s blood vessels narrow (vasoconstriction) to conserve body heat, and the 
skeletal muscles start to contract involuntarily and rapidly (shiver), producing 
3-4 times more thermal energy and raising core temperature by over 0.5°C. 
As the skin’s temperature becomes lower, the temperature gradient between 
it and the surrounding environment decreases, causing less heat to escape 
through radiation, conduction and convection. “Vasoconstriction is so 
effective that tissue insulation can be increased sixfold. This is equivalent to 
wearing a light wool business suit” (Gisolfi and Mora 2000, 106–107).
Certain areas of the body are more sensitive to temperature fluctuations than 
others, like the head, neck, and face regions, which are called “areas of high 
allesthesial11 thermosensitivity” (Tyler and Sunderland 2011, 62). Because of the 
neck’s close proximity to the hypothalamus, cooling the neck region alleviates 
heat strain more effectively than cooling the same surface of the torso. 
11  Allesthesia is a “condition in which a sensation or stimulus is perceived at a point on the 
body that is remote from the point that was stimulated” (“Allesthesia” 1995).
Figure 8.  
Body’s sweat glands.
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Figures 11, 12 and 13 show the number of patients in 2011, 2010 and 
2009, respectively, who had to be detained after spending 3-4 days in the 
emergency ward due to the severity of their condition, indicating  
potential mortality. 
Comparing the statistics from figure 9 (2011) and figure 10 (2010) there 
appears to be a significant drop in the number of heat-related cases admitted 
to HMC from 1946 cases in 2010 to 1181 cases in 2011. This is especially 
during the months of June (276 cases in 2010 and 139 in 2011), July (533 
cases in 2010 and 330 in 2011) and August (663 in 2010 and 298 in 2011). 
This may be due to the government’s stiffer stance on laws that have been in 
place since 2004 (Human Rights Watch (Organization) 2012, 6) that prohibit 
outdoor work between the hours of 11:30am and 3:00pm from June 15th to 
August 31st. 
In comparison to the number of heat stress cases in 2010, there has been a 
dramatic increase of cases in 2011 during the months of April (zero cases in 
2010 and 11 cases in 2011) and May (87 cases in 2010 and 103 cases in 2011). 
This may be because of changing global climates and the advent of heat 
waves at a much earlier date than anticipated (Toumi 2011b) and also because 
of the increasing number of migrant workers flooding the country and 
working outdoors to build the massive infrastructure required for hosting the 
2022 FIFA World Cup. There was an inexplicable decrease, though, in numbers 
during the months of September (321 in 2010 and 269 in 2011) and October 
(62 in 2010 and 20 in 2011). However, even with legislative precautions, heat-
related injury is high. The statistics also show that a small percentage of these 
cases are Qatari nationals and a miniscule percentage of cases are females, 
neither of whom usually perform strenuous outdoor activities.
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It is crucial to bear in mind that heat-induced injury is underreported 
around the world. This is because symptoms of heat-related illness are 
often vague and may be misdiagnosed. Also, thermal overload in Qatar is 
overlooked because a large number of workers are uninformed of heat stress 
symptoms, often ignore fatigue and early warning signs, and opt to continue 
working so as not to compromise their jobs15. Suffering from “heat-induced 
hypohydration [dehydration]” workers’ mental and physical performance is 
compromised. Muscle fatigue, loss of concentration, dizziness, sweaty palms 
and visual disturbance endanger their lives and the lives of their coworkers, 
especially when operating heavy and/or dangerous machinery and when 
working at elevations such as on scaffolding (Olayiwola 2010a). So even 
though the primary culprit may be thermal overload, the resulting injury is 
reported as an accident due to a sudden fall or a laceration. 
The Human Rights Watch report issued last June 2012 indicted a discrepancy 
between the number of work-related incidents reported by the Qatar 
Ministry of Labor during the last three years, which were just six cases, and 
the statistics received from the Nepali embassy, which is just one out of 
many labor-sending countries. According to the Nepali embassy’s report to 
the Gulf Times, “191 Nepali workers … died in Qatar in 2010, 19 died as a 
result of work site accidents. A further 103 died after suffering cardiac arrest, 
though workers do not fall into the typical age group at risk of cardiac failure” 
(Human Rights Watch (Organization) 2012, 4). Cardiac arrest may be caused 
by electrolyte imbalance—electrolytes being the heavy metals or salts that 
ensure that body chemistry functions properly (Brouhard 2010). Migrant 
workers’ dehydration would cause electrolyte imbalance and sudden cardiac 
arrest. Most probably, thermal overload is the indirect cause.
15  employers often deny workers their entitled sick leave or deduct the days from their salary. 
Medical attention and emergency kits are also unavailable on site. Some employers also do not 
issue workers medical health cards, so workers have no medical records.
heat-related illness
Classification, signs and symptoms
Heat-related illness affects a diverse, worldwide population and refers to 
illness that occurs as a result of the body’s inability to cope with excessive 
heat. The terms heat-induced illness and heat-related illness will be used 
to refer to any illness that is caused by exposure to heat. Illness may be 
external, in the form of a skin disease such as heat rash; tetany; or, in cases 
of prolonged and intense exposure, skin cancer; or it may be internal, as 
explained below:
Recent research has identified a cascade of inflammatory pathologic 
events that begins with mild heat exhaustion and, if uninterrupted, 
can lead eventually to multiorgan failure and death. Heat exhaustion 
is characterized by nonspecific symptoms such as malaise, headache, 
and nausea…. Untreated heat exhaustion can progress [when core 
temperature persists at +40.5°C] to heatstroke, a much more serious 
illness involving central nervous system dysfunction such as delirium and 
coma. Other systemic effects, including rhabdomyolysis12, hepatic failure, 
arrhythmias13, disseminated intravascular coagulation14, and even death, 
are not uncommon. (Glazer 2005)  
Patients suffering from heat stroke will not sweat. They may get seizures—
involuntary muscle contractions causing the body to produce more heat—
trapping the patients in a cycle of heat. There are two types of heatstroke: 
exertional heatstroke (eHS) and non-exertional heatstroke (NeHS). The 
former usually affects young, active individuals after bouts of extreme 
physical effort, such as sports or manual labor, in hot environments; this is 
what generally affects migrant workers in Qatar. The latter usually affects 
a more sedentary population, such as elderly citizens, young children or 
physically or mentally ill individuals. 
12  “Rhabdomyolysis is the breakdown of muscle fibers that leads to the release of muscle fiber 
contents (myoglobin) into the bloodstream. Myoglobin is harmful to the kidney and often causes 
kidney damage” (A.D.A.M. Medical encyclopedia 2011).
13  “An arrhythmia is a disorder of the heart rate (pulse) or heart rhythm, such as beating too 
fast (tachycardia), too slow (bradycardia), or irregularly” (A.D.A.M. Medical encyclopedia 2012).
14  “Disseminated intravascular coagulation (DIC) is a serious disorder in which the proteins 
that control blood clotting become abnormally active” (A.D.A.M. Medical encyclopedia 2010).
Dehydration impedes heat dissipation and aggravates heat stress. Qatar’s 
migrant worker population is susceptible to dehydration because of a number 
of reasons some of which are: the absence or scarcity of potable water in 
accommodations (Human Rights Watch (Organization) 2012, 65); drinking 
water, if found on the work site, is too hot to drink because it had been stored 
in coolers that were left out in the scorching heat; and workers are unaware 
of the risks of dehydration and are not prompted to drink enough water 
(Olayiwola 2010b, 8). 
Heat illness statistics  
“Millions of people are exposed to extreme heat yearly. In the United States 
approximately 20 cases per 100,000 people are reported annually in urban 
areas” (Glazer 2005). Although there are no publicly available statistics, in 
Qatar, indicating the exact number of laborers working in high heat indexes, 
it is safe to say that those who are exposed work with minimal protection and 
safety gear (if safety gear is provided at all) for sometimes up to 60 hours a 
week. In addition, their working and living conditions exacerbate dehydration, 
which triggers heat-induced illnesses that sometimes prove deadly because 
they are frequently undiagnosed and not treated promptly. 
Heat-related illness is an issue throughout the summer months of June, July 
and August. Cases, however, are reported as early as March and continue 
until September. Statistics provided by Hamad Medical Corporation (HMC) 
emergency Department in December 2011 show, in figures 9 and 10, the 
number of patients admitted to the Department for heat-related illnesses in 
2011 and 2010. 
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Considering the extreme heat indexes migrant workers 
endure; their predisposed dehydration; their uncomfortable, 
hot sleeping conditions; the inadequate training; and the 
insufficient safety gear they receive, it is no wonder that 
workplace injury (National Health Strategy 2011; Human 
Rights Watch (Organization) 2012, 4) ties cancer (Toumi 2011a) 
for the third highest cause of death in Qatar. The first and 
second are trauma caused by traffic accidents and coronary 
heart disease, respectively (LeDuc Media 2010).
Figure 11 (top left). Patients 
who were detained in HMC 
in 2011, due to severity of 
heat injury, after spending 
three or more days in the 
emergency ward (HMC 
emergency Department 
records 2011).
Figure 12 (bottom left). 
Number of severe cases 
for 2010 (HMC emergency 
Department records 2011).
Figure 13 (right). Number of 
severe cases for 2009 (HMC 
emergency Department 
records 2011).
severe cases admitted to hmc
Figure 9 (top). Heat injury 
patients admitted to 
HMC emergency Ward in 
2011 (HMC emergency 
Department records 2011).
Figure 10 (bottom). Heat 
injury patients admitted 
to HMC emergency Ward 
in 2010 (HMC emergency 
Department records 2011).
Number of adult heat iNjury patieNts admitted to hmc
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Second Skin 
The degree of clothing insulation, work rate/metabolic rate, air temperature, 
ambient humidity, radiant temperature and wind velocity are six factors 
that define human thermal comfort (Parsons 1993, 1). Clothing directly 
influences the exchange rate of heat, moisture and air between the skin and its 
surrounding environment and is often considered detrimental to evaporative 
heat loss (especially when wearing impermeable protective clothing); however, 
a clothing layer is preferable to the nude form in hot, humid climates, as it will 
protect from heat gain caused by solar and terrestrial radiation (Song 2011, 
166). Actually, in comparison to the unclothed form, light clothes that cover the 
body “reduce radiant heat load by half and water loss by two-thirds” (Mount 
1979, 164–165). efficient clothing should facilitate a comfortable microclimate 
and protect from surrounding thermal extremes. 
Although humans’ adaptive behavioral response to uncomfortable 
temperatures, such as adding, removing or adjusting clothes, changing posture16 
and/or taking shelter, is efficient in most instances, these actions may not be 
possible in a work setting. The degree of freedom employees have is variable. 
Where in some occupations it is possible to pace one’s physical exertion and 
vary the intensity and duration of the work at hand, retiring to a sheltered area 
at some point, other occupations do not afford this opportunity. 
16  “Changing posture can also be regarded as an adaptive response. If a person must 
consistently work in a crouched posture, the surface area for heat loss from the body will be 
greatly reduced” (Parsons 1993, 36). 
Observing workers in Qatar, it is clear that crouching, bending forward and 
squatting are the most common work positions (see figure 14). These positions, 
however, exacerbate heat retention and hinder cooling. Shedding clothes in a 
desert climate such as Qatar’s, for example, would do more harm than good 
because of the sun’s intense radiation. Sociocultural and motivational context 
also affects behavioral response. The amount of exposed skin acceptable in 
certain cultures and religions differs from one country to another. The degree 
of motivation people have varies, too: a worker needing to earn overtime will 
overlook the risk of heat stress; likewise, military personnel and athletes may 
push their bodies to extremes. 
Figure 14.  
Workers in the most 
common work positions.
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the worker is hydrated. Furthermore, employers should provide cooled, 
potable water in convenient and visible locations that are close to work 
locations (OSHA 2011).
Additional recommendations based on this thesis’ research include the 
need for quality sleep after being exposed to high heat indexes, during the 
workday, to allow for the body to recover from the added thermal load. Also, 
living accommodations need to be properly air-conditioned, comfortable 
and hygienic. Showering before coming to work is recommended because 
clean skin cools more efficiently than oily skin. Showers also precool workers 
so the effects of high heat index climates are postponed (even if for a short 
while). Finally, transportation to work sites should be air-conditioned, as this 
promotes pre-cooling.  
While large companies, such as RasGas, Qafco and Qatalum, organize 
awareness campaigns and implement programs that follow SCH guidelines, 
smaller companies do not. Offering overtime or abusing the workers’ 
ignorance of the law, some companies continue to schedule work during the 
prohibited mid-day hours. Compelled by the promise of extra money,  
workers will often risk their health (Khatri n.d.). Ignorant of the symptoms 
of heat stress, some will keep working without seeking medical assistance 
(Olayiwola 2010c, 2).
H
ea
t m
an
ag
em
en
t i
n Q
at
ar
  
heat management 
in Qatar 
There are a number of heat management methods that could be the 
difference between healthy, productive employees and sick or even dead 
employees. Some methods are already being used in Qatar, and others 
need to be implemented. The Qatari midday outdoor work ban is a start, 
if implemented. Dr. Wasif M Alam, Occupational Health Consultant at the 
Qatar Supreme Council of Health (SCH), suggests that “[t]he best defence 
against heat illnesses is to develop and establish preventative measures. 
This can include organization policies, education and training to workers, 
availability of water and shade, and first aid” (NV 2011). 
The SCH organizes awareness talks and has issued a heat stress guideline 
booklet (SCH 2009) that was published in Arabic, english, Hindi, Urdu, 
Malayalam and Bengali (Dizon 2011, 17). Precautions published in the Qatar 
Medical Journal also include wearing “lightweight, tightly woven, loose-fitting 
clothing in light colors,” a hat, sunglasses and an umbrella (Khan, Kamha, and 
el Hiday 2005, 14).
McDonald et al. documents a heat stress prevention program that was 
implemented by an oil and gas company in Ras Laffan, Qatar, which 
succeeded in reducing the amount of “heat stress injury” over a period of 
three years by a factor of ten. During August and September, the study 
confirmed that heat index rates of 50-54 were reached in the shade as well as 
at night, necessitating the provision of cooling mechanisms when humidity 
levels are +50%. “Cooling mechanisms that rely on evaporation, such as 
evaporative bandanas, were also less effective under these high relative 
humidity conditions” (McDonald, Shanks, and Fragu 2008, 34). 
Applying engineering controls, such as cooled, ventilated and shaded areas17, 
to mitigate thermal load was the initial strategy but proved to have a limited 
effect because of the scale of outdoor work. Administrative controls such as: 
providing umbrellas, bandanas and insulated water bottles, as well as a heat 
stress prevention procedure that included: work rotations, acclimatization 
guidelines18, “self-evaluation, employee rotation, setting up a buddy system” 
and awareness and communication strategies helped reduce instances 
of heat stress from 25 reported cases in 2003 to 3 reported cases in 2006 
(McDonald, Shanks, and Fragu 2008, 35–36). 
The Occupational Safety and Health Administration (OSHA) recommends 
all of the aforementioned measures, including adjusting shifts and work/rest 
cycles to extreme weather, but also gives specific recommendations regarding 
water intake to ensure workers stay hydrated. These recommendations entail 
that workers drink a medium-sized cup of water (6 oz.) every 15 minutes, 
that is, about half a liter of water every hour. Workers should also drink small 
amounts of water frequently (before getting thirsty) rather than drinking 
larger amounts of water19 less frequently. 
Recommendations also encourage workers to avoid drinks that exacerbate 
dehydration when consumed in large quantities, such as drinks that contain 
caffeine, alcohol, or large amounts of sugar (sports drinks). Workers should 
also eat regular meals and snacks to replenish the salts and electrolytes lost 
in sweat20 and consume food with high water content such as fruits and 
vegetables. Lastly, workers need to monitor themselves and notice such 
things as urine color, which should be white or light in color indicating that 
17  The Occupational Safety and Health Administration (OSHA) recommends that sufficient 
space, proportional to the number of workers, should be provided for such rest areas (OSHA n.d.). 
18  According to OSHA, new workers or workers who have been away form work for a week 
or more should be allowed between 5-14 days to acclimatize to working in an extreme climate 
(OSHA 2011).
19  Avoid extreme amounts of water, as more than 12 liters of water in a 24-hour period are 
harmful (OSHA 2011).
20  Usually adequate water and regular meals are enough, and carbohydrate/electrolyte 
replacement drinks (i.e. sports drinks) are not needed (OSHA and NIOSH 2011).
     Not Another Space Suit - Alia Khairat Not Another Space Suit - Alia Khairat 3332
precedeNts
     Not Another Space Suit - Alia Khairat Not Another Space Suit - Alia Khairat 3534
The Fashionable garment, ephemeral and melancholic, dies each 
season. The working one is made to last. The wear of the former one 
hastens its downfall; it ennobles the latter. 
(toscani and Saillard 2009, 11)
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Figure 15. The block cut 
of the galabiya makes it 
a perfect example of a 
zero-waste garment. Both 
the “tuta” and the galabiya 
have gussets under the 
arms to provide added 
width and comfort.
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brief retroSpect 
of work wear 
Used and then unceremoniously discarded, everyday work wear is absent 
from museums and collections, indicating that it did not hold the same 
value as ceremonial dress or “Sunday best” (Toscani and Saillard 2009, 11). 
The contemporary “working” garment originated in the 19th century out of 
the specialization and the diversification of everyday clothing. This was to 
meet occupational needs during the Industrial Revolution and urbanization.  
Actually, many of today’s occupational uniforms were designed for protection 
over the course of the 19th century, and their symbolic look became an 
established signifier of the trade. Blue-collar occupational uniforms are 
usually traditional and classic (Craik 2005, 125). Their “slow rate of change 
seems to be a guarantor of reliability and constancy, though slow change 
also indicates that the occupation updates itself over time” (Craik 2005, 127). 
Occupational uniforms remained, virtually without change, until they were 
standardized or replaced by blue jeans in the 1950s. 
Through the ages, the coverall remained a recurrent staple. It was worn by 
American workers at the beginning of the 20th century and, because of its 
ease of wear and practicality, was later adapted by european workers. The 
“Tuta”21 introduced by the Italian futurist, ernesto Thayaht in 1919 (figure 
16) and the “production clothing” designed by the Russian constructivists, 
Alexander Rodchenko (figure 17), Vladimir Tatlin, Varvara Stepanova and 
Lyubov Popova in the 1920s, all have strong connections to the American 
coverall (Toscani and Saillard 2009, 12). The cut of the “tuta” is quite similar 
to the North African galabiya (figure 15). Both garments are economic in 
terms of fabric use, for the “tuta” was designed to be an economic garment 
that could be worn by the masses, at a time when there was an economic 
21  The name “tuta” is derived from the Italian word “tutta” meaning the whole or the entire 
and refers to the totality of the fabric and the wearer (Loscialpo n.d., 4).
crisis and fabric prices were high (Loscialpo n.d., 4). Likewise, the North 
African galabiya produces zero-waste when cut. economy and sustainability 
are elements that are worth working towards in the future, but they will not 
be addressed further at this point in the thesis project. Both garments are 
loose and promote convection, a quality that is useful to this thesis. 
The coverall is the primary garment worn by Qatar’s migrant worker 
population to date. It is all-encompassing, protecting the wearer from the 
elements. It is also a trade signifier. The concept suit proposed in this thesis 
project maintains the one-piece coverall, as it has withstood the test of time 
and proven to be practical, protective and comfortable. However, the general 
aesthetic is modified to emphasize masculine strength.
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Figure 16 (opposite 
page). Left: Futurist 
Italian designer ernesto 
Thayaht wearing the “tuta” 
(Loscialpo n.d., 10). Right: 
Thayaht, How to cut the 
Tuta, explanatory drawing, 
1920 (Loscialpo n.d., 11).
Figure 17. Left: Alexander 
Rodchenko in productivist 
clothing, 1922–23. Photo 
by Michail Kaufman. A. 
Rodchenko & V. Stepanova 
archive (Kaufman 
1922). Right: Alexander 
Rodchenko, Design for 
Working Clothes, 1922. 
Crayon and ink on paper 
(Rodchenko 1922).
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Figure 18 (opposite 
page). The Graphic Body. 
Moschino by Rossella Jardini 
for Autumn/Winter 2006- 
2007 (Bolton and Chabon 
2008, 35).
Figure 19. The Muscular 
Body. Naoki Takizawa 
for Issey Miyake Spring/
Summer 2001(Bolton and 
Chabon 2008, 72–73).
Figure 20. The Armored 
Body. Pierre Cardin for 
Spring/Summer 1994 
(Bolton and Chabon  
2008, 105).
Figure 21. The Aerodynamic 
Body. Swift Suit by Nike 
launched in 2002 (Bolton 
and Chabon 2008, 120).
Figure 22. The Mutant 
Body. As Four in 2003 
(Bolton and Chabon 2008, 
134–135).
reality fiction 
Just as reality inspires fiction, fiction has influenced reality. 
Fashion designers are often inspired by the graphic, muscular, 
armored, aerodynamic and mutant elements of the superhero 
ethos. These qualities are seen in the collections of Moschino  
by Rossella Jardini (Autumn/Winter 2006-2007, in figure 18),  
Naoki Takizawa for Issey Miyake Spring/Summer 2001 in figure 
19), Pierre Cardin (Spring/Summer 1994, in figure 20), Swift Suit 
by Nike launched in 2002 (figure 21) and As Four in 2003  
(figure 22).
Being a diversification of ordinary wear, the occupational 
uniform has a symbiotic standing with ready-to-wear. Its 
clean, comfortable lines, its dependable, hassle-free fabric 
and utilitarian details inspire fashion. exaggerating silhouettes 
and skewing proportions, fashion designers also went a step 
further and distorted the uniform’s traditional gestalt to play 
on elements of fetish and seduction. However, combining the 
superhero gestalt with that of the utilitarian workers’ uniform, 
as is the case in this thesis’ concept suit, is uncommon. This 
is because the superhero, and his suit, are a figment of one’s 
imagination, impossible to fully realize, while the later is 
basically the most “real” garment one could come across,  
made for wear and tear, grit and grime. 
The concept suit borrows from fantasy, and even though it 
incorporates very real thermoregulation features, it is more of 
a “statement suit,” a shout from anonymous workers that they 
will not be ignored.
18 20 21
22
19
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iNdigeNous clothiNg system iN hot, arid aNd semi-arid desert areas based oN the kÖppeN-geiger climate classificatioN system 
clotheS  
for heat 
indigenous clothing of hot, arid  
and semi–arid regions
Based on the Köppen Geiger Climate Classifications, this thesis examines 
indigenous peoples living in hot, arid desert climates (BWh) and hot, arid 
steppe (BSh), which is also known as semi-arid desert22 (figure 23), to 
determine what they wear and how these clothes facilitate thermal comfort. 
Focus was given to areas in Africa and West Asia because of their similarity 
to Qatar. Undoubtedly, sociocultural, aesthetic and regional factors have 
influenced these native styles of dress, but these clothing systems would not 
have continued to be worn if they had not been practical and comfortable. 
Clothing styles traverse political boundaries, and comparable articles of 
clothing with similar construction and drape have been identified across the 
two continents of Africa and Asia. This may be a result of the nomadic nature 
of desert dwellers.
Areas included in the study are: the Saharan Desert in North Africa; the 
Danakil Desert in the Horn of Africa; the outskirts of the Namib Desert in 
Namibia, the Kalahari Desert in South Africa; the Arabian Desert in West 
Asia; and the Thal, Cholistan and Kharan desert regions of Pakistan. Male 
clothes and headgear were the primary focus for a number of reasons: 
(a) Men are traditionally more exposed to the environment; (b) women’s 
clothing throughout the Middle east, and in Muslim countries to be precise, is 
governed by religious constraints, not just environmental ones; and (c) finally, 
men’s clothes are more utilitarian, while women’s clothes tend to exhibit 
more adornment.
22   According to the Köppen Geiger Climate Classifications, there are three main categories: 
main climates, which are indicated by the letters A (equatorial), B (arid), C (warm temperature), D 
(snow) and e (polar); precipitation, which is indicated by the letters W (desert), S (steppe), f (fully 
humid), s (summer dry), w (winter dry), m (monsoonal); and, finally, temperature indicated by 
the letters h (hot arid), k (cold arid), a (hot summer), b (cool summer), d (extremely continental), 
F (polar frost) and T (polar tundra) (Kottek et al. 2006).
Figure 23 (opposite page). 
Overview of the costumes 
of indigenous desert people 
in relation to wear they live.
influence of terrain
When comparing the clothes worn by inhabitants of hot, arid deserts and 
those worn by natives of the surrounding semi-arid regions, we can observe 
that, with the exception of the African Kalahari Desert Bushmen and the 
Australian Aborigines who mostly go nude, most desert dwellers cover their 
entire bodies even when the climate is extremely hot; however, less body 
coverage is noticed in semi-arid regions. 
The variation in body coverage may have an explanation when comparing the 
different types of desert terrain—mountain, rocky plateau, and sandy or dune 
deserts (Department of the Army 2004, 13–14). Sandy and gravel deserts such 
as the Sahara and the Arabian deserts prompt dwellers to protect their bodies 
from loose, blowing sand; whereas, deserts with salt marsh terrain, such 
as the Danakil Depression located along the Horn of Africa, do not require 
such protection. Semi-arid areas are mainly grasslands, either dry savanna or 
steppe. Clothing worn in such regions is only needed to protect from strong 
sunlight and insects or for sociocultural considerations. Temperatures in some 
arid and semi-arid regions may drop an average of 15°C during the night, 
necessitating protection from the cold, too. It is important to remember, 
however, that light clothing does protect the body from heat and reduces 
moisture loss as previously mentioned in the “Second skin” section.
indigenous clothing systems 
chosen represent a few of the 
most prominent styles worn in 
hot, arid and semi-arid regions 
of africa, and central and west 
asia. clothing in similar regions 
of australia and southwest africa 
are not represented because 
clothing worn in these regions is 
minimal and, as such, provides no 
viable thermoregulation solutions. 
indigenous clothing in similar 
climatic regions of the americas  
was difficult to identify and is 
therefore unrepresented.
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Bedouin men wear an ankle-length tunic-shaped 
garment with long sleeves called a thobe or 
dishdasha that is usually made of a light-colored 
fabric. The thobe, as it will be referred to, was 
sometimes worn with a belt used to carry bullets 
and/or a dagger.
Traditionally, an abaya or bisht, as it is called in 
Qatar, is worn over the thobe. The term bisht will 
be used to refer to this garment, as the term abaya 
also refers, in some countries, to the ankle-length 
female tunic worn in the Arabian Gulf region. The 
bisht is a rectangular piece of cloth that is folded 
at the shoulders and sewn up at the sides leaving 
space for the arms. The front is then slit open to be 
worn like a coat. Traditionally, it is made of dark-
colored wool—most commonly camel’s wool. 
Wide, ankle-length trousers or 
serwal, drawn at the waist with a 
cord, are worn under the thobe. 
A loincloth was worn in the past.
The head is covered with a square piece of cloth 
that is folded into a triangle. The seam of the fold 
is placed at the forehead, and the three tips of the 
cloth hang on the shoulders and back. This head 
cloth is known by different names: Keffiyah, ghotra 
or shemagh.The term ghotra will be used to refer 
to the head cloth, as that is the name used in 
Qatar. The head cloth is made out of light cotton 
in the summer and light wool in the winter and 
may be white, red and white, black and white  
or colored. 
A heavy, traditionally woolen, cord is sometimes 
worn on top of the head cloth to hold it in place. 
This is called an agal. The head cloth is used to 
cover the nose and mouth during dust storms, 
when the sun was too hot or when temperatures 
were too cold. A skullcap tageyah is sometimes 
worn under the ghotra and agal. 
Figure 25. Bedouin man 
wearing the traditional 
thobe, bisht, ghotra  
and agal.
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Figure 24. The empty 
Quarter or Ar Rub Al 
Khali, Al Janubiya, Oman 
(Baldinger 2008).
Central & West Asia: The Arabian Desert
Covering an expanse of one million square miles, the Arabian Desert includes 
Saudi Arabia, Kuwait, Qatar, United Arab emirates, Oman and yemen. The 
desert is mainly gravel plains and rocky highlands. One-fifth of the Arabian 
Desert is Al Rub’a AlKhali or “The empty Quarter” (figure 24), which “is the 
world’s largest sand sea” (Webster 2005).
Bedouin Desert Robes: Description
The term Bedouin or Bedu is used to refer to the nomadic tribes who live in 
Sinai and the Arabian Peninsula. Although the specificities of the outfits differ 
in terms of stitching, collar shape and other minor details, the main gestalt 
is uniform (figure 25). Differences in the thobe and the way the head cloth is 
worn are seen in figure 27 of the Omani man (following page). 
Though the illustration in figure 28 (following page) is not of a Bedouin, 
but of traditional Iraqi clothing from Baghdad in the 1870s, the outfit bears 
similarities to traditional Bedouin clothing. The only difference is in the kaftan, 
an ankle-length robe with a crossover front that was secured with an inner 
cord and worn with a belt. The kaftan was also worn in Syria, Turkey and Iran. 
The term kaftan is also used to describe the ankle-length coat worn in the 
Levant region and in egypt.
Interestingly, the same types of garments seen in figure 25, but made of 
different materials and fabrics, are worn by urban dwellers throughout the 
Arabian Gulf region today. This urban attire, especially that of Qatar, will be 
discussed in detail in the “Qatar national dress” section.
Bedouin Desert Robes: Discussion
examining the Bedouin robe, we see that the heavy woolen fabric apparently 
insulates against heat during the day and cold during the night. Shkolnik et al. 
studied and hypothesized about the efficiency of the Bedouin’s voluminous, 
black robes. The study entitled, “Why do Bedouins wear black robes in hot 
deserts?” attempts to quantify the effects of color on “the heat load imposed 
by a hot desert.” 
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The study “measured and/or calculated the net heat gain by radiation, heat 
loss by convection, heat loss by evaporation, heat storage and metabolic heat 
production of a man standing facing the Sun [sic] in the [Negev] desert at 
mid-day while he wore: (1) a black Bedouin robe; (2) a similar robe that was 
white; (3) a tan army uniform; and (4) shorts….” During the experiment air 
temperatures fluctuated from 35°C-46°C and wind speed was between 0 and 
4.1 ms-1 (average 1.3 ms-1). The experiment was conducted on one subject to 
ensure that physiological differences are not a factor (Shkolnik et al.  
1980, 374). 
Results were puzzling. even though black robes absorbed 2.5 times as much 
heat as the white robes and about 1.5 times more heat than the army 
uniform and the semi-nude (shorts) subject, “rates of evaporative heat 
loss, heat storage and metabolic heat production” were basically similar 
in both the black and white robes. There was a 6°C difference between the 
surface temperature of the black robes (47°C) and the white robes (41°C), 
which explained why convective heat loss in the black robes was greater, 
but convective heat loss was not enough to account for the similarity in the 
subject’s skin temperature (31°C) and air temperature trapped between the 
inner23 robes and the skin (38°C24). 
Shkolnik et al. hypothesized that convective heat exchange in the air space 
between the robes and the skin is responsible for creating a thermal balance. 
This was either because of the “bellowing” of the robes, as the subject moved 
and the wind passed through them, or by means of a “chimney” effect where 
hot air travels between the robes and the skin and exits via the robes’ loose 
weave, thus pulling in cool air from the bottom of the robes (Shkolnik et al. 
1980, 374–375).
23  The subject wore a thobe under the robe (bisht) as is customary among the Bedouin.
24  The air between the robe and the skin was approximately the same temperature as the 
ambient air.
The study therefore suggests that the color of the robe has no influence 
on thermal load (Shkolnik et al. 1980, 374). Although lighter colors reflect 
some of the solar radiation25, they also reflect towards the body some of the 
heat radiation the body emits. Dark colors, on the other hand, absorb solar 
and terrestrial radiation26, as well as radiant heat produced by the body. At 
zero wind speed, lighter colored garments will have less thermal load, but 
once even a minimal amount of wind starts to blow through the garment, 
convection causes heat to dissipate faster than it is absorbed. 
Though based on this Bedouin robe study, color makes little difference, the 
opacity of the robes is important to maximize garment insulation. 
Wilfred Thesiger, the famous explorer and writer, described a Syrian Bedouin 
“trudging across the desert” at noon one “blazing midsummer day… 
enveloped to his feet in a heavy sheepskin coat.” According to Thesiger, the 
extra clothes prevent the sweat from evaporating too quickly. He adds “I 
could never bear this clammy discomfort and preferred to lose moisture by 
letting hot air dry my skin. But if I had done this in summer I should have died 
of heat-stroke” (Thesiger 1994, 139–140). 
Slowing down the evaporation process may slow down dehydration in hot, 
dry air, but will be problematic in Doha’s hot, humid urban climate, especially 
in physically active individuals. When clammy moisture turns into dripping 
sweat, evaporative cooling is hindered. It is therefore crucial to ensure that 
evaporative and convective heat exchange methods are facilitated.
25  Solar radiation comes from the sun and consists of visible light and small amounts of ultra-
violet rays and infrared. It is considered shortwave radiation.
26  Terrestrial radiation comes from the earth’s surface. It consists of infrared or heat radiation, 
also known as long-wave radiation. 
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In the past, the Omani 
thobe was similar to the 
kaftan in that it was opened 
from the front and was worn 
with an ammunition belt.
Figure 26 (left).  
Bedouin man from the 
Levant region.
Figure 27 (center). Omani 
man, 1945-1950.
Figure 28 (right). Iraqi man, 
1860-1890.
A Western style jacket is now 
often worn instead of the bisht, 
especially in winter, primarily in the 
Levant region but sometimes also 
throughout the Arabian Peninsula 
and North Africa.
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Salwar Kameez: Discussion
The salwar and kameez are airy garments that cover the entire body but also 
facilitate heat exchange, primarily through convection. One may assume that 
the knee-length kameez with side slits allows better mobility than ankle-
length tunics such as thobes.
Africa
Three areas were looked at in Africa: Saharan Desert countries, primarily 
egypt, Libya, Algeria, Morocco, Mauritania, Mali, Niger, Chad and Sudan; 
countries of the Horn of Africa, which are Djibouti, eretria and Somalia with 
a brief look at ethiopia; and finally, the desert areas of Namibia and South 
Africa. Traditional African clothes worn by inhabitants of hot, arid desert and 
semi-arid climates are of two categories: draped or sewn.
Africa: The Saharan Desert
Tuareg Layers and Face Veil: Description
The Tuareg are semi-nomadic herders who inhabit the Sahara Desert. They  
are mainly located in southern Algeria, southwestern Libya, Niger and 
Mali and in fewer numbers in Burkina Faso, Nigeria and southern Morocco. 
Scattered between these countries the Tuareg have managed to maintain 
their unique identity. 
The most defining item of clothing the Tuareg wear is the indigo turban or 
tagulmust, as it is known in Niger, which is wrapped to cover the nose and 
mouth. The turban is traditionally around five or six meters long and is made 
of “thin, gauzy cotton” or “starched muslin cloth” (Price 2006; Ross 2010).  
Levant Variations: Description
A serwal made of a heavier, darker-colored material is also commonly worn 
with a short, long-sleeved shirt that is tucked in as illustrated in figure 29. 
A sash is wrapped around the waist. The serwal’s low crotch facilitates 
convective cooling especially in this sweat-prone pelvic region.
Southwest Asia: Afghanistan, Pakistan & India
Salwar Kameez: Description
Hot, arid desert climate follows the coast of the Indian Ocean to encompass 
the southern regions of Iran and Afghanistan, and the southern and central 
regions of Pakistan until the western borders of India. 
A knee-length, long-sleeved tunic mainly referred to as kameez or qameez, 
derived from the Arabic word for shirt, and long, pajama-style trousers called 
salwar, salvar or shalvaar (similar to serwal), as seen in figure 30, are the most 
common garments worn by men and women of the Pashtun, Balochi, Punjabi 
and Sind populations. The kameez is usually slit on both sides, and the salwar 
has a string or elastic waistband. Both garments are usually made of cotton, 
although they may also be made of silk or other similar fabrics.
The main silhouette is unified, even though variations in the garments’ details 
are found from one region to another. A rectangular cloth, dhoti or lungi, 
which is wrapped around the waist, may also be worn under the kameez in 
areas such as Punjab in Pakistan and Rajasthan in India. Although the turban 
is an integral part of the outfit, hats are sometimes worn. The Pashtun wrap 
the turban around a straw skullcap.
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Figure 29 (left). Jordanian 
man, 1940’s.
Figure 30 (right).  
Pashtun man.
The Salwar.
The Kameez.
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The men wear baggy trousers 
similar to the Bedouin serwal.  
The indigo turban or tagulmust.
Figure 31 (opposite page). 
Tuareg girls wearing dry-
dyed indigo clothes, Mali 
(Brunner n.d.).
Figure 32 (left). Tuareg man 
wearing tunic and serwal.
Figure 33 (right). Tuareg 
man from Mali wearing 
boubou and serwal. 
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The face-covering phenomenon has become an unofficial uniform among 
the migrant worker population who work outdoors. These workers come 
from a number of different Asian cultures—Nepalese, Bangladeshi, Indian 
and the Filipino—yet they have all adopted the face cover to deal with their 
new environment. This practice is not exclusive to Qatar, but is also prevalent 
in the United Arab emirates and other Arabian Gulf countries. Covering the 
nose and the mouth “maintain[s] a seam of moist air from which to breathe” 
(Piantadosi 2003, 83). This moisture also facilitates evaporative cooling of an 
area—the face region—that contributes to 40% of the body’s total heat loss 
particularly when there is wind (Mount 1979, 151).
The Tuareg men believe it “disrespectful for a high-ranking member to show 
his mouth among his people” (Guindi 1999); the women do not cover their 
faces. Both genders wear loose robes, sometimes in light colors and other 
times in darker colors. The men wear a tunic-like garment, as shown in figure 
32, and baggy trousers similar to the Bedouin serwal. Figure 33 shows another 
outer garment worn by the Tuareg, the boubou. 
Due to the scarcity of water, the Tuareg dye their clothes by pounding the 
dye into the fabric rather than boiling it. Dry dye “imbues the cloth with a 
shimmery blueblack patina [the fabric is named aleshu]. With wear, the color 
seeps into the pores of their skin, casting a bluish-violet hue as seen in figure 
31. Thus, the well-known name “blue men of the desert” is derived.
“Since indigo is precious and expensive, their bluish skin has become a status 
symbol among them: the darker blue a man’s skin, the wealthier he appears” 
(Price 2006). The Tuareg wear layers of the traditionally dark-colored, cotton 
clothes. Although the fabric is thin, the layering traps solar and terrestrial 
radiation and sand but also allows air to circulate facilitating convective and 
evaporative cooling.
Although the face veil has a predominantly cultural importance, it 
undoubtedly serves a useful role in a desert climate. It has been argued that 
if the veil were worn for an environmental purpose then the women who 
are also exposed to the same environment would wear it too (Guindi 1999); 
however, the Tuareg live in similar conditions to the desert Bedouin who 
also cover their face. This practice is even common today, in Arabian Gulf 
countries. Men cover their faces to protect them from the cold, the heat, the 
sun and the wind when they are out camping in the desert.
The boubou.
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Berber Hood: Description
Amazigh is the masculine singular of the word Imazighen or “free people.” 
It is the name Berber27 tribes prefer to be called. However, the term Berber 
will be used, as it is the most commonly understood name and because it 
encompasses all Berber tribes (Sadiqi 1997, 11–12).The Berber are generally 
recognized as the first inhabitants of Morocco. They constitute 40-60% of the 
Moroccan population and form large communities in Algeria, Libya, Mali and 
Niger and smaller pockets in Tunis, Mauritania, Burkina-Faso and egypt. The 
Tuareg are a subgroup of the Berber (CIeMeN 2010).
Berber traditional clothes are a mixture of draped and sewn. The most 
commonly worn items are the haik and the jellaba. The outer garment, the 
haik (also called the ksa), is worn by both genders. It is essentially a large, five-
to-six-meters long by about two meters wide rectangle traditionally “made 
of white wool that was sometimes striped with silk” (Becker 2010, 194). It is 
wrapped around the body and fastened at either shoulder with a broche or 
fibula, much like the Grecian chiton. The width of the haik may also be drawn 
up to cover the head. Men wear the haik over the jellaba, which is a tunic-like, 
hooded garment slit from the sides and at the front.
The jellaba (figure 34-35) may have long or short sleeves. Geographic 
location, climate and social stature determine the quality of material used 
and the jellaba’s length, also the length of the sleeves; however, it is usually 
made of black, brown or beige striped or solid-colored wool. It is worn knee-
length by the Berber men of the Rif Mountains, and slit at the front like a 
cape with the “side panels . . . flipped over the shoulders” by the Berber of 
southeastern Morocco (Becker 2010, 194).
27   The term Berber, derived from the Latin barbarous, was used by the Greeks to refer to any 
non-Greek—a barbarian, a primitive or an alien (Sadiqi 1997, 11–12).
Another hooded woolen garment is the ankle-length cape, selham, worn in 
the Siroua Mountains. The gandura (similar to the boubou in figure 33 and 37) 
is “a wide rectangular garment with slits for the arms and a rounded neckline” 
is traditionally worn over a serwal in the Rif and Middle Atlas Mountains. 
Wide hats, taraza, made of woven reed or esparto grass are also worn  
(figure 35). 
Berber Hood: Discussion
Although the hooded garments previously described are not traditionally 
worn by desert Berber, the hood, much like the head cloth worn by the 
Bedouin and the turbans worn by the Tuareg and the people of Sudan and 
Upper egypt, functions in a similar manner. Similar to the head cloth, the 
hood allows a steady flow of air to circulate around the head while shading 
it from the sun’s glare. The loose jellaba and the selham promote convection, 
and the woolen fabric was shown, in Shkolnik et al.’s Bedouin robes study, 
to insulate against radiation, facilitating homeostasis. When an un-hooded 
garment is worn, such as the gandura, a reed or grass hat protects the head 
from the sun’s rays.
Loose, Flared Cotton: Description
Mauritania, Mali, Niger and Chad 
With a desert climate that is hot by day and cool by night, people living in the 
Saharan countries of Mauritania, Mali, Niger and Chad layer their garments. 
Cotton strips 20-26 centimeters wide are sewn together then folded at the 
shoulders, and a round or slit neck opening is created. Sleeves are inset, and a 
patch pocket is sometimes sewn centered below the neck opening. The knee-
length garments (figure 36 on the next page) are worn with baggy trousers 
similar to those worn in Chad.  
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The Jellaba.
The Taraza.
Figure 34 (left). The jellaba 
worn with the hood on.
Figure 35 (right). The  
jellaba with the hood off. 
The wide brimmed taraza is 
worn when the hood is off.
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From left to right:
Figure 38. Ancient egyptian 
winter tunic.
Figure 39. Ancient egyptian 
pleats. Horizontally pleated 
cattle driver’s tunic (top) 
and horizontally striped 
cloak, Twelfth Dynasty 
(bottom). Both figures 
38 and 39 are from Hall’s 
Egyptian Textiles  
(Hall 1986, 36).
Figure 40. Traditional 
egyptian galabiya.
Figure 41. Traditional 
Sudanese jalabiya.
The boubou, a wide flowing robe with exaggeratedly wide sleeve openings 
(figures 33 and 37), is formally worn as a three-piece suit covering a loose 
shirt or caftans and baggy trousers like a serwal. A turban is also worn. The 
boubou is worn by the Tuareg, too, and known by many names. The Fulani 
herdsmen of West Africa wear a cotton skullcap reinforced with a leather 
sweatband around the edge (Arnoldi 2010).
egypt & Sudan
egypt and Sudan have been grouped together because of their geographic 
proximity and historical connection, but most importantly because of the 
similarity found in the garment structure of their traditional dress. Loose 
bag-tunics, shown in figure 38, have been found preserved in ancient 
egyptian tombs dating back to the eighteenth Dynasty. Removable sleeves 
and excessive horizontal pleating (figure 39) were also used to deal with 
temperature fluctuations (Hall 1986, 32).
 
Traditional male egyptian dress today (Figure 40) relies on layering to cope 
with adverse temperatures. The main garment is a full-length, flared, cotton 
tunic—galabiya—with flared sleeves and a keyhole neckline. The galabiya 
is usually a shade of blue or grey, although sometimes it is cream or white. 
This garment is almost identical to the jalabiya28 (figure 41) worn by northern 
Sudanese men, though the Sudanese garments are usually bright white with 
a round neckline. In colder weather, egyptians wear another heavier, darker 
galabiya over the first one. Under the egyptian galabiya, a waistcoat and a 
serwal are worn. The galabiya is removed while doing manual labor leaving 
only the waistcoat and serwal. The head is covered in egypt and Sudan with 
a turban or imma made of fine white cloth. A crocheted or knitted skullcap, 
tagia, may be worn separately or under the imma. 
28  Jalabiya and galabiya are identical words pronounced differently because of varying dialects.
Figure 36 (left). Common 
garment worn in Mali 
(Arnoldi 2010).
Figure 37 (right). Local man 
wearing boubou from Niger.
from Niger.
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Figures left to right:
Figure 42. Afar from east 
ethiopia/Djibouti.
Figure 43. Afar from 
ethiopia wearing a Western 
shirt under the shawl.
Figure 44. Somali man.
Africa: Horn of Africa
Draping: Description
The Afar
The Afar, also known as the Danakil, are nomadic herders who inhabit the 
Danakil Desert that spreads across ethiopia, eritrea, and Djibouti. The Danakil 
desert in ethiopia is recorded as being the hottest place on the planet 
(National Geographic Society (U.S.) 2009, 308).The terrain, however, is not so 
much sand as it is salt marsh. The Afar traditionally wore a calf-length cloth 
wrap around their lower half and another piece of cloth as a shawl around 
their shoulders as shown in figure 42. They now wear a T-shirt or button-down 
shirt under the shawl (figure 43).
Somalia
With ethiopia and Kenya to the west, Somalia is at the very tip of the Horn 
of Africa. “Nomadic-style” garments were seven cubits long, the cubit31 being 
the standard measurement in the region. Men would cut the length in half 
and sew the fabric to square it off. The fabric would then be used as a wrap 
around the lower half of the body. For formal occasions or in cold weather, 
the tip of the cloth would be draped around one or both shoulders (figure 44).
Draping: Discussion
Draping is extremely versatile, as it may be adapted to cover any part of the 
body and adjusted to a range of environmental conditions. However, unless 
secured in some form or manner, draped garments are cumbersome and 
hinder movement, especially when there is a lot of fabric involved. 
31  One cubit is measured from the tip of the middle finger to the elbow.
Sudanese nomadic herders sometimes wear sleeveless waistcoats. Less formal 
than the Sudanese jalabiya are the lighter ragi (thigh-length tunic) and serwal 
(baggy trousers). These are often preferred around the house and are the 
working clothes of many rural laborers, being cool and loose in the hot sun” 
(Kenyon 2010, 425).
Loose, Flared Cotton: Discussion
The pleated linen worn in ancient egypt would have provided warmth in the 
cold, but also would have been airy enough to keep the body cool in hot 
summer temperatures. A head cover such as the turban, insulates from solar 
heat and absorbs perspiration. Larger turbans—like hats—create shade. Loose, 
flared garments have been shown to improve convective heat loss. 
In a study titled, “The effect of added fullness and ventilation holes in T-shirt 
design on thermal comfort”29, Ho et al. found that wearing a large, oversized 
garment does not improve convective cooling even with the presence of 
wind, but wearing a loose, flared one does. This is because a larger sized 
garment increases only the drape and dead air trapped on the sides, but still 
rests on the chest and upper back, limiting airflow where ventilation is most 
needed. The added fullness of a flared garment, however, allows more air to 
flow around the entire torso, thereby facilitating convection and evaporative 
cooling (Ho et al. 2011). Convective heat loss was shown to be even more 
significant during movement and in the presence of air current. The oval 
holes30 that were placed horizontally in two parallel lines around the diameter 
of the tested T-shirt improved convective action. Other precedents using 
holes, perforations and vents are later discussed in the “Qatar national dress” 
section. The T-shirts used in the experiment were made of cotton, as are 
Bedouin and African desert garments.
29  The tests were conducted on a perspiring, movable thermal manikin “in a climate controlled 
chamber at a temperature of 20.0 ± 0.58C° and 65.0 ± 2% relative humidity under a no-wind 
condition (air velocity of 0.5 ± 0.3 m/s) and a windy condition (air velocity of 1.5 ± 0.5 m/s). The 
core temperature of the manikin was set at 37C°” (Ho et al. 2011, 405).
30  The oval holes were 2 centimeters wide (horizontal) by 1 centimeter long (vertical). Two 
rows of nine holes were placed on the front and the same on the back (Ho et al. 2011, 405).
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Africa: The Kalahari & The Namib
Nude
The Kalahari and Namib Bushmen and the Australian Aborigines are the only 
desert dwellers that go almost nude. The Kalahari Desert, home to the San 
(meaning person), consists of sand sheets and longitudinal dunes covering 
220,000 square miles of Botswana, South Africa and Namibia. The Namib 
Desert, reputed to be one of the oldest deserts in the world and dubbed 
“place of no people” (Greenberg 2007), is mainly gravel plains and covers 
13,000 square miles of Angola, Namibia and South Africa. The Himba are 
semi-nomadic herdsmen who inhabit the dry, rocky outskirts of the Namib 
Desert—specifically the Kaokoland area of Namibia. The Namib Desert is a 
cool coastal desert, relatively cooler than the subtropical Kalahari, Sahara and 
Australian deserts.
Traditionally, the only clothing worn by the Himba and the San was cowhide 
and other animal skins. Traditionally, San men wore cowhide coats secured 
at the chest and sometimes hung cloth from the shoulders while the women 
wore round cowhide capes on their backs and bibs to cover the chest. To 
this day, both Himba and San men wear loincloths and women wear, only a 
goatskin apron (like a mini skirt) around their hips (Mbow 2010, 42). The San 
wear a leather headband (Figure 45) that may be used as a sweat visor. Figure 
46 shows the leather loincloth worn by San Bushman of the Kalahari Desert.
So how may one explain the striking contrast between the Bedouin and the 
Tuareg’s total coverage and the Kalahari and Australian Bushmen’s virtual 
nudity? Though they inhabit seemingly similar climates, they have adapted in 
two completely different methods. A common thread that links the Bushmen 
of the African and Australian continents is that they use natural ingredients, 
such as mud and plant extracts, as sunscreen. These natural remedies will be 
discussed in the “Natural heat protection remedies” section.
Figure 45. Leather head 
band (Dan Kitwood/Getty 
Images 2011a).
Figure 46 (opposite page). 
San Bushman of the 
Kalahari Desert wearing 
a leather loincloth (Dan 
Kitwood/Getty  
Images 2011b).
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current thermoregulation clothing systems
Survivalist tips
Survival experts such as David Alloway and Greg Davenport agree that covering 
the body in a desert climate is better than wearing shorts and a short-sleeved 
top. David Alloway gives an example of the billowing clothes Bedouin Arabs 
wear and how they cover from head to toe. Long sleeves and long trousers 
protect from sunburn and future skin cancer. He suggests loose fitting and 
durable clothes like military battle wear. In a dry desert climate, a cotton T-shirt 
worn under the clothes is preferred, as it absorbs perspiration and retains it, 
thus maintaining a slow, steady evaporative cooling process. [When sweating 
is excessive and humidity is high, however, cotton becomes too saturated for 
effective evaporation to occur]. Covering the head is crucial, and hats should 
be made out of breathable materials such as straw or cloth. Wetting headgear 
cools the head. Arab style head cloths work well. Alloway also recommends 
wearing a cotton neck scarf, with the hat, or wrapped around the face to 
protect from the sun, the wind, the cold and the dust, as well as to protect the 
bottom of the nose and chin from sunburn caused by light reflecting up from 
the sandy or dusty ground. Sunglasses are essential (Alloway 2000, 98–101).
Advice by Greg Davenport is consistent with Alloway’s advice but stresses 
the importance of wearing materials with wicking properties and discourages 
wearing cotton, referring to its nickname, “death cloth.” Davenport 
recommends wearing polyester and polypropylene because of their superior 
wicking capabilities and UV protection, which is said to be two to three times 
that of “other fabrics of equal quality.” UV protection is better in knitted 
structures than in woven ones; in dark colors that provide five times more 
protection than white colors; and in high-fiber counts, such as tightly woven 
cotton that blocks approximately 86% of UV rays unless the fabric is wet. 
Polyester provides better UV protection than cotton though (Davenport  
2004, 27–31).
Cl
ot
he
s f
or
 h
ea
t 
 
because it was famed for absorbing sweat thereby affording comfort and 
cooling the body. Fine gauze flannel and wool/cotton blends were advised 
for undergarments, as they, too, absorbed moisture “for as wool condenses 
the vapour, the skin remains warm while evaporation from its surface is 
going on.” They “blended science with myth and folklore and brought into 
use two things, the pith helmet and wearing flannel around the midriff.” 
These two articles of clothing covered two areas of the body that scientific 
speculation of the day thought necessary to protect, the brain and the liver. 
Bernard Cohen, anthropologist, scholar and specialist in British colonialism 
in India, announced in 1870 that the British in India had adopted a “uniform” 
consisting of the sola topi or pith helmet, the spinal belt which was made of 
cork to absorb sweat and the cholera belt or flannel cummerbund (Johnson 
and Foster 2007, 44).
The British were right about a couple of things: an inner clothing layer that 
absorbed moisture and facilitated evaporation and the need to protect the 
head from incident solar radiation. Both these concepts were incorporated in 
the inner T-shirt layer of this thesis’ concept suit.
colonialists and orientalists
What Wilfred Thesiger wore (figure 47) when he travelled with the Bedouins 
through “The empty Quarter” is of particular interest, as he was a visitor to 
the Arabian Desert. He adapted, much like the majority of labor in Qatar, 
to the new climate. Undeniably, one of the reasons Thesiger wore native 
clothes was to gain the confidence of the Bedouin he was researching, but, as 
mentioned previously, these garments must have afforded some measure of 
comfort or they would not have been worn.
Travelling through Oman, Thesiger describes, “I wore a loin-cloth, a long shirt, 
and a head-cloth with the ends twisted around my head in their fashion. None 
of these Bait Kathir wore the black woolen head-rope which is a conspicuous 
feature of Arab dress in the north” (Thesiger 1994, 73). 
In contrast, the first British colonialists who settled in India staunchly 
resisted wearing any type of native clothing even though Indian textiles 
were considered items of luxury and sought after in Britain. This emotional 
attachment to all things British—this idea of “keeping the standards”—was 
thought necessary among the small British community if they wanted to rule 
the many. This attitude prevented them from using, to the fullest, the native 
fabrics and styles. The hot, humid climate, however, obligated the women to 
exchange their velvet, satin and brocade dresses with ones made out of white 
(or light) muslin, especially during the eight hot summer months.
eventually illness, and occasionally death, urged the British expatriate 
community, who prided themselves on coming from one of the most 
scientifically advanced cultures of their time, to apply their “scientific acumen 
to devise ways to remain healthy” (Johnson and Foster 2007, 44). european 
residents of India were advised to wear “flannel lined with mull muslin” 
Figure 47. Wilfred Thesiger 
in the Arabian Peninsula 
wearing Omani clothes 
1945-1950 (Wilfred 
Thesiger in Oman n.d.).
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Figure 52. Fourteen NASA 
astronauts pose for a group 
photo after completing 
their desert training in 
Nevada in January 1964  
(Mason 2011).
NASA
Astronauts for the Apollo space program in the 
1960s endured survival training in a variety of 
extreme environments. In case the returning 
shuttle landed in a desert the astronauts trained 
in the Nevada desert. Curiously, they wore white, 
loose Bedouin style garments as seen in figure 52 
(Mason 2011). 
One of the first layers worn under the space suit is 
a “Liquid Cooling and Ventilation Garment (LCVG) 
. . . The spandex garment removes body heat, 
contaminant gases and perspiration by circulating 
chilled water through tubes” (Braddock and 
O’Mahony 2005, 46). A derivative of this garment 
is now used for Formula One drivers. 
Although the LCVG is efficient, the system would 
be too complicated for a migrant worker’s suit.
Naica
The Naica Crystal caves of northern Mexico are 
located in the center of the Industrias Peñoles’ 
Naica Mine, 300 meters below ground level. 
The caves’ icy appearance belies their extreme 
50°C heat and 100% humidity. In order for the 
research team to deal with the crystal caves’ harsh 
environment, garments lined with ice and  
equipped with cold-air respirators were specifically 
designed. Giovanni Badinno, from the Italian 
Ferrino La Venta team, designed the original suit, 
in figure 48-49 and the foreground of figure 50, 
named “Ptolomea” (Ferrino 2006). The complex 
design and material covered the entire body and 
weighed, with the respirator, approximately 22 
kilograms. It allows the wearer to stay in the caves 
“for about one hour, making slow movements, 
trying not to spend much energy,” but makes it 
difficult to operate complex machinery or to lift 
heavy equipment. The suit had to be pre-frozen 
and multiple reserves had to be available. 
The Mexican team later designed another lighter, 
less expensive vest (figure 50-51) with small, flat 
bags of ice and gel that used smaller respirators. 
The vest weighed 8 kilograms and was easier to 
move in, though the amount of time it afforded 
in the caves was only around 30 minutes. Cooling 
packs are used in this thesis’ concept suit design.
Figure 48 (top left). 
Preparing the “Ptolomy” 
cold suit (Giuseppe 
Casagrande n.d.).
Figure 49 (top right). 
Wearing the “Ptolomy” 
inside the Naica Caves 
(Ferrino 2006). 
Figure 50 (bottom left). 
The short, light jacket 
with small, flat bags of ice 
and gel that was designed 
by the Mexican team 
(Giuseppe Casagrande n.d.). 
Figure 51 (bottom right). 
Inside the Naica caves 
wearing the light ice jacket 
(Williams 2010) 
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Figure 57. education City, 
Doha, Qatar. September 
20, 2012, 11:18pm. Average 
temperature 34°C, average 
humidity 48%, heat index 
38 (extreme caution).
Figure 58. Foam sunshade. 
Near education City, 
Doha, Qatar. June 2012 
(Phatanateacha 2012).
Figure 59. (Pharaonic) 
Nemes-style towel head 
cover. November 19, 
2011, 1:22pm. Average 
temperature 26°C, average 
humidity 70%, heat index 
27 (caution).
Figure 60. Construction 
worker wearing new style 
face cover. Doha, Qatar. 
April 5, 2012, at 9:00am. 
Average temperature 27°C, 
average humidity 41%, heat 
index 27 (caution).
current clothing systems in qatar
Migrant workers’ intuitive adaptation to heat
Field observation indicates that the majority of workers in Doha wear a basic 
cotton, sometimes cotton/polyester blend, overall and an old T-shirt to cover 
the head and face, only revealing the eyes (unless they are wearing goggles 
or sunglasses). As shown in figure 53, the T-shirt’s neck opening is cleverly 
utilized to frame the face, and is pulled to cover the nose and mouth when 
needed, while the rest of the T-shirt covers the head, ears and neck. The 
sleeves are tied at the back of the head to firmly secure the T-shirt. 
A construction hat, boots, gloves and/or a high visibility safety jacket are also 
worn when necessary. The head and face are usually covered (figures 54-62) 
with anything from a generic scarf (figures 54 and 57), a towel (figure 59) or a 
ski mask (figures 55 and 56) to a piece of foam for shade (figure 58). Lately, a 
new type of store-bought face mask has appeared (figure 60). 
Figure 53. T-shirt headdress, 
Arabesque Glass-fiber 
Reinforced Concrete 
(GRC) factory, Industrial 
Area, November 19, 
2011, 1:00pm. Average 
temperature outdoors 29°C, 
average humidity 70%, 
heat index 33 (extreme 
caution). The fan facilitates 
convection and evaporative 
cooling, especially since the 
T-shirt covering the nose 
and mouth is wet. 
opposite page:
Figure 54-55. Head gear 
worn by two gardeners,  
Al Rayyan Park, Doha, 
Qatar. November 12, 
2011, 1:00pm. Average 
temperature 27°C, average 
humidity 59%, heat index 
28 (caution).
Figure 56. Gardener 
wearing ski-mask. Qatar 
Science and Technology 
Park (QSTP), Doha, Qatar. 
June 26, 2012, noon. 
Average temperature  
35°C, average humidity 
30%, heat index 35 
(extreme caution).
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Questionnaire Description & Methodology
The workers questionnaire was designed to be short and easily accessible 
to a migrant worker population, who has limited education, little time and 
no access to Internet. The questionnaire consisted of three demographic 
questions (occupation, nationality and age) and ten multiple-choice 
questions, listed below: 
1. How many work clothes do you have now?
2. How many work clothes do you get each year?
3. What do you wear under your work clothes?
4. What types of clothes are you given for work (check all that apply)? 
undergarments / overalls / bandana / mask / other (please specify)
5. How many of each of these are you given yearly (write the number next 
to the item)? undergarments ___ / overalls ___/ bandana___/ mask ___/ 
other (please specify)__
6. How many times do you wash your work clothes per week?
7. Do you shower before work? (yes / No)
8. How many times a week do you shower? (1 / 2 / 3 / 4 / 5 / 6 / 7/ more)
9. Is transportation to work air-conditioned?
10. How many bottles of water do you drink at work?
A cover letter explaining the aim of the questionnaire and how it would be 
used was also given to the workers. The cover letter read: “Dear participant, 
I am a student working on a clothing design project and I need your help 
gathering some information for the project. This questionnaire is totally 
anonymous and all information gathered will be used strictly for  
the research.” 
The majority of migrant labor in Qatar come from the Asian countries 
of Nepal, India, Sri Lanka, Philippines, Bangladesh and Pakistan, with 
some coming from Arab countries such as Syria and egypt; the workers 
questionnaire was therefore multi-lingual, translated into english, Arabic, 
Tagalog (for Filipinos), Hindu (for Indian and Nepalese), Urdu (for Pakistanis), 
Sinhala and Tamil (for Sri-Lankans) and Bengali (for Bangladeshis).
A total of 791 questionnaires were completed. With the help of a key contact 
in Qatar Foundation’s Capital Projects department the questionnaire was 
sent to seven contractors: Keo International Consultants (577 responses), 
International Trading and Contracting (ITC) (29 responses), Brookfield 
MultiPlex (Medgulf) (27 responses), OHL-CONTRACK JV (7 responses), 
Al Jaber Trading & Contracting Co., W.L.L. (5 responses) and MIDMAC 
Contracting Co. W.L.L. (5 responses). A personal acquaintance, manager 
of Arabesque, GRC33, assisted in the dissemination of an additional 124 
responses, and 17 questionnaires were filled out through my direct contact 
with laborers working on site in front of the Liberal Arts and Science building 
(LAS) in education City, as shown in figure 61. 
The contractors gave the questionnaire to a random sample of workers. Keo 
International Consultants gave it to 50.3% of a total of 1147 workers, 
33  GRC is an acronym for Glass Reinforced Concrete
Some workers, such as craftsmen and factory workers, drivers and cooks, 
wear Western clothes (T-shirt or button-down shirt and trousers) instead of 
coveralls. The head and face are covered when needed.  
As mentioned in Chapter one, the head, face and neck are regions of high 
allesthesial thermosensitivity. Forty percent of total heat loss, especially 
in windy conditions, is from the face region (Mount 1979, 151). This would 
indicate that the face should be exposed in hot climates to facilitate heat 
loss, but in reality most desert dwellers, such as the Tuareg and Berber of 
the Sahara desert, the Bedouin of the Arabian Peninsula as well as migrant 
workers in Qatar cover their heads and faces completely. The head and face 
cover has proven to be indispensable and is even recommended by survival 
experts such as David Alloway because it provides protection from terrestrial 
and solar radiation as well as from blowing sand and dust. Also, respiration 
moistens the fabric covering the face, facilitating evaporation. Figure 53 
shows how the worker has wet the part of the T-shirt that covers the nose 
and mouth to facilitate evaporative cooling. The head and face cover are an 
integral part of this thesis’ concept suit.
The following section is a workers questionnaire that was conducted in March 
of 2012 to gain relevant background information about migrant workers.
Workers questionnaire
Objectives
The workers questionnaire was formulated to gain quantitative information 
and some qualitative insight into the following:
The number of work clothes workers receive/have yearly and the number 
of times the uniforms are washed indicate the amount of wear these 
uniforms are subjected to and have a direct correlation to the life span of 
the garment.
The types of clothes worn under the work coverall are added layers of 
clothing that contribute to the level of thermal stress.
Showering before coming to work or not suggests the workers’ level 
of thermal stress. Clean, oil-free skin cools faster than oily skin32, so 
showering before work (precooling) will improve thermal comfort for at 
least the first portion of the day.
Whether or not the workers’ transportation is air-conditioned also 
indicates the level of thermal load the workers are under before even 
arriving to the work site
The amount of water the workers drink suggests the level of hydration or 
level of dehydration
Because of the large number of responses compiled (791 responses), the 
questionnaire provides a sound indication of specific worker trends and 
habits. Overall trends and estimations are all that are needed for this specific 
research, and the responses are not intended to provide precise quantities. 
32  “It is well known that Arctic explorers leave their skins unwashed” (Gisolfi and Mora  
2000, 98).
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responses. Other translation issues were that the responses were sometimes 
incomprehensible because of bad handwriting and that 15 responses were in 
Telugu, a Dravidian language primarily spoken in the state of Andhra Pradesh, 
India (“Telugu” 2013), that took quite some time to identify and to finally find 
someone to translate. Poor translation may have contributed to the issue 
of unrelated and/or incomprehensible answers that were omitted from the 
final tally, resulting in a number of responses for each question that were 
incongruent with the total number of questionnaires, which was 791. 
Tallying the responses to Question 10 (How many bottles of water do you 
drink at work?) had to be approximated, as some responses identified their 
intake unit as “bottle”, “glass” or “Liter,” while others didn’t mention a unit, 
and some gave a intake range i.e. 3-5 Liters or 4-5 bottles. There is no way to 
determine how big the water bottles referred to are, but one may assume that 
they are the small 370 milliliters kind as these are lighter to carry. However, 
only one response specifically indicated the size of the bottle consumed 
as being 370 milliliters. It has been observed and indicated in news articles 
that workers drink from large coolers (Olayiwola 2010b). A small bottle is 
comparable in size to a cup or glass and easier to fill up and carry around. 
Tallying the results, the volume unit was therefore disregarded and 
approximations were made as follows when a range was specified: if the 
responses indicated a very limited variation i.e. 1-2, 2-3, 3-4 liters/bottles and 
so on, then the response was left as is. If the variable was broader, such as 3-5 
or 2-6 liters/bottles, for example, then the response was approximated to an 
average, i.e., 3-5 liters will be considered as 4 liters. One response stated that 
he drank every hour. Based on the average 8-hour workday, the amount of 
water consumption was estimated and counted as eight bottles per day.
Observations
Although the data is quantitative, comments written by the workers give 
insight into their attitudes and daily routine. Interestingly, even though the 
questionnaire was anonymous and did not require any personal identification, 
other than the occupation, age and nationality, the workers left their mark 
just the same. They obviously did not want to stay anonymous and wrote 
their names, worker’s ID number and, in some cases, even their Qatari ID 
number. When told that the questionnaire was anonymous and that they 
didn’t have to write their names, workers at the LAS building expressed 
concern that this would detract from the questionnaire’s authenticity. They 
added their names and ID numbers just the same. Poetically, one may even 
infer that the questionnaire gave recognition to an anonymous, faceless and 
voiceless demographic who are frequently disregarded. 
When asked in Question 2 about the amount of clothes they were given 
yearly, a 23-year-old Nepali carpenter and three other Nepalese at Arabesque 
GRC replied, “to [sic] much - work. every year.” Though these four answers 
were irrelevant to the question and were omitted from the final tally, this 
might have been their way of expressing that they work “to[o] much.” 
Alternatively, they might have, for some reason, omitted the word “wear” 
from “work wear” and the answers may mean that they receive “to[o] much” 
work wear yearly. One can only speculate.
Some responses for Question 6 (How many times do you wash your work 
clothes per week?) and Question 10 (How many bottles of water do you drink 
at work?) were descriptive giving a range, i.e. “3-4 in the winter and daily 
in the summer” (as a response for Question 6) or “cool time 2 bottles, hot 
season 5 bottles”  (as a response to Question 10). The maximum amount of 
water indicated was the amount used in the final tally. 
International Trading and Contracting (ITC) gave it to 4.8% of a total of 
600 workers, Brookfield MultiPlex (Medgulf) distributed the questionnaire 
amongst 10.8% of a total of 250 workers, OHL-CONTRACK JV gave it to 
0.07% of a total of 9800 workers, MIDMAC Contracting Co. W.L.L. gave 
0.8% of a total of 650 and Arabesque, GRC gave it to 83% out a total of 150 
workers. The total number of workers at Al Jaber Trading & Contracting Co., 
W.L.L. was not disclosed.
Limitations
Because of the nature of the target population, the questionnaire was 
administered manually. This, however, poses the issue of inaccuracies that 
may occur as handwriting is being deciphered and/or translated, an issue that 
is limited considerably in electronic and online questionnaires. 
Identical responses were common. Batches of questionnaires were filled 
out in the same handwriting and with sometimes identical and often 
similar information. Overall, ten completed questionnaires had one or more 
duplicates, accounting for a total of 30 duplicate questionnaires, suggesting 
that one person was filling out the questionnaire for a group of workers. One 
can only speculate that this was because the workers didn’t know how to 
write, that maybe this method was more convenient or that contractors/
workers wanted to return more responses than were available and just  
copied originals. 
It was impossible to professionally translate the questionnaire into the 
aforementioned languages because the only translating services available 
in Qatar translated from english to Arabic and vice versa. Depending upon 
colleagues to translate the Hindi, Tamil and Urdu, a domestic worker to 
translate the Tagalog, a tea server at work to translate the Sinhala and a travel 
agent at Bangladesh Airlines to translate the Bengali made ascertaining the 
accuracy of the translations very difficult. However, a back translation was 
conducted using a different set of translators, and the original translations 
seemed accurate. Translating the responses was also an issue because it 
was very difficult to get the Bengali and the Sinhala translated. For the 
Bengali, one had to rely on a Bangladeshi passerby near education City to 
translate most of it and a colleague to translate the rest. As for the Sinhala, 
the tea server who translated the original questions also translated the 
Figure 61. Workers outside 
education City’s LAS 
building filling out the 
questionnaires on March 
5, 2012.
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The following is a summary of the most common answers.  
Charts with the full results are provided in the Appendix. Percentages are rounded off to the nearest whole number.
occupation: 
Total number of responses: 762 (96%)
Three highest results:  
91 carpenters (12%),  
88 Helpers (12%),  
84 Masons (11%)
Nationality:
Total number of responses: 783 (99%)
Three highest results:  
320 Nepali (41%),  
317 Indian (40%),  
51 Filipino (7%)
age:
Total number of responses: 767 (97%)
Three highest results:  
395 twenty-six to thirty-seven year 
olds (51%),  
182 nineteen to twenty-five year  
olds (24%),  
170 thirty-eight to forty-nine year 
olds (22%)
how many work clothes do you  
have now?
Total number of responses: 766 (97%)
Three highest results:  
2 sets of work clothes  
(530 responses – 69%),  
I set of work clothes  
(86 responses – 11%),  
4 sets of work clothes  
(58 responses – 8%)
how many work clothes do you 
get each year?
Total number of responses: 778 (98%)
Three highest results:  
4 sets of work clothes  
(348 responses – 44%),  
2 sets of work clothes  
(325 responses – 42%),  
1 sets of work clothes  
(26 responses – 3%)
What do you wear under your 
work clothes?
Total number of responses: 751 (95%)
Three highest results:  
T-shirt (307 responses – 41%), 
underwear (270 responses – 36%), 
vest (258 responses – 34%)
What types of clothes are you given 
for work (check all that apply)? 
undergarments/overalls/bandana/
mask/other (specify)
Total number of responses: 756 (96%)
Three highest results:  
coveralls (704 responses – 93%),  
mask (161 responses – 21%),  
safety shoes (52 responses – 7%)
how many of each of these are you 
given yearly (write the number next 
to the item)? undergarments_/
overalls_/bandana_/mask_/other 
(specify)__
Total number of responses: 595 (75%)
Three highest results:  
4 coveralls (259 responses - 44%),  
2 coveralls (196 responses - 33%),  
2 jackets/2 masks (26 responses  
each - 4%)
how many times do you wash your 
work clothes per week?
Total number of responses: 758 (96%)
Three highest results:  
daily (490 responses – 65%),  
twice a week (100 responses – 13%), 
three times a week (70 responses – 9%)
do you shower before work?  
(Yes/No)
Total number of responses: 764 (97%)
493 responses shower before work 
(65%) and 271 responses do not 
shower before work (35%)
how many times a week do you 
shower? (1/2/3/4/5/6 /7/more)
Total number of responses: 771 (98%)
Two highest results:  
daily (438 responses – 57%),  
more (199 responses – 26%)
is transportation to work  
air-conditioned?
Total number of responses: 746 (94%)
76 responses have AC (10%),  
670 responses do not have AC (90%)
how many bottles of water do you 
drink at work?
Total number of responses: 768 (97%)
Three highest results:  
5 bottles (167 responses – 22%),  
4 bottles (162 responses – 21%),  
3 bottles (157 responses – 20%)
In Question 7, 17% (45 responses) of the total 34% (271 responses) who said 
that they did not shower before work, felt the need to provide justification, 
clarifying that they showered after work. One response explained that he had 
no time before work to shower. Some responses indicated that the workers 
“wash clothes and shower after going to room.”
Responses to Question 9, about the availability of air-conditioned 
transportation, were the most expressive. Comments such as, “I have never 
seen an AC in my bus,” “not yet,” “no!” and “they don’t agree” give insight. 
It seems as if the questionnaire provided an outlet to express the workers’ 
grievances. Other comments show how the workers deal without air-
conditioning, opening the window or relying on fans. eleven responses  
(about 1%) of the total 746 responses to this question said that they walk to 
work, as their accommodations are close by. These workers all worked at  
Arabesque GRC. 
Responses by the Bangladeshi workers specified the color of the clothes 
they wore, something that was not mentioned by other workers from other 
nationalities. Workers were descriptive about the type of T-shirt they wore 
using terms such as  “white,” “light,” “cotton,”  “half” and round-necked.
Modifications to Future Questionnaires
An improvement to the questionnaire would be to make it more visual 
and less textual. Adding pictograms of the different articles of clothing, for 
instance, might prevent confusion since each nationality/individual uses a 
different term, i.e., referring to underpants, some used the term “panty,” 
others used the term “shorts” or “short pants.”
The questions were formulated to be as uncomplicated and straightforward 
as possible. This simplicity, however, may have contributed to the vagueness 
and inaccuracy of some of the responses. In retrospect, Questions 6, 7 and 
8 should have been more specific, asking how many times do you wash 
clothes/shower per week in the summer. Question 8 (How many times do 
you shower?) should have indicated that the response required was for the 
number of times the worker showered weekly before work and after work. 
Question 10 would have yielded more accurate results if a specific unit of 
volume had been indicated i.e. the question would read: How many liters 
of water do you drink at work? A picture of a bottle with an indication of its 
volume would also have helped.
Summary of Results
Demographic data (age and nationality of worker sample) collected in the 
workers questionnaire was consistent with the Social and economic Survey 
Research Institute (SeSRI) executive Summary Report34 published in March 
2011. In both the workers questionnaire and the SeSRI report, the largest 
population of workers came from Nepal (workers questionnaire 41% and 
SeSRI 34%) and then Indian (workers questionnaire 40% and SeSRI 31%). 
The workers questionnaire also included workers from the Philippines (7%), 
Bangladesh (4%), Sri Lanka (4%), Pakistan (2%), Indonesia (2%), Syria (1%), 
Thailand (0.4%). In the SeSRI report workers came from Sri Lanka (11%), 
Philippines (10%), Bangladesh (6%), Pakistan (2%), and egypt (2%), with 
a remaining 4% from countries such as Afghanistan, Syria, Sudan, Nigeria, 
ethiopia (SeSRI 2011, 1–2). Regarding the age of the participants, in the 
workers questionnaire, 51% of the workers aged 26-37, 24% were ages 19-24, 
22% aged 38-49 and 3% were 50 years old or above. In the SeSRI report 54% 
aged 26-37, 24% aged 18-25 years, 19% aged 38-49 and 3% aged 50 or more. 
34  “This executive summary presents the main findings from the migrant laborer section of 
the first annual Omnibus Survey conducted by the Social and economic Survey Research Institute 
(SeSRI) at Qatar University from May to June 2010.” The sample surveyed were migrant workers 
living in labor camps (SeSRI 2011)
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Qatar national dress
Although fabrics have changed, the clothes worn by male Qatari nationals 
today (figure 62-63)—the thobe, tagia, head cloth (ghotra), agal and serwal—
are very similar to Bedouin clothes described in the previous section titled, 
“Indigenous Clothing Systems.” One addition is underwear in the form of a 
T-shirt and underpants. This continuity suggests that this clothing system 
performs well in Qatar’s hot, humid climate.
The white (sometimes off-white) light cotton-blend garments reflect incident 
solar radiation. Covering 86% of the body, the thobe is loose and has two 
large openings (one for the head and the other for the feet), two medium-sized 
openings (for the arms) and a number of smaller vents (between the buttons on 
the chest and the cufflinks) that facilitate the passage of air and convective heat 
loss (Al-ajmi et al. 2008). Because holes and air vents facilitate convection they 
are widely used in sports wear too.
Some studies have purposely placed holes or vents in clothing to improve 
thermal comfort, such as the Ho, et al., study previously mentioned under 
“Loose, Flared Cotton: Discussion” in the “Clothes for heat” section. Also, 
Rudman patented a ventilated garment system that relies on strategically 
placed air vents: a pair of air outlet vents is at the shoulder seam, and a pair 
of air inlet vents at the side seams with at least one optional vent at the back 
of the garment. The vents are lined with stretchable mesh fabric and have 
zippers so they can be selectively opened or closed. The side and back air inlets 
allow ambient air to enter and move convectively upward, “receiving heat 
and moisture from the wearer’s skin” and exiting from the shoulder outlets 
(Rudman 1998). Other ventilation solutions have included (a) underarm zip 
openings that were found to contribute to heat loss while exercising (Ruckman, 
Murray, and Choi 1999) and (b) a mesh insert under regular pockets with a flap 
that increases air circulation when the pocket flap is arched to create a tunnel-
shaped aperture (Foster 1988). The use of vents and perforations to improve 
convective cooling is a primary feature of this thesis’ concept suit.
Figure 62. The 
contemporary thobe, ghotra 
and agal.
Figure 63. The 
contemporary bisht.
Questionnaire Conclusion
The workers questionnaire provides evidence that the workers’ work clothes 
are heavily used. This, most probably, decreases the garments’ lifespan 
because: of the limited supply of clothes they have to use throughout the year 
(between 2 to 4 sets yearly), and the frequency with which the clothes are 
washed (around 65% of the workers wash their work clothes daily). 
Most workers (around 77%35) wear a T-shirt and/or underwear under their 
work clothes, while 258 workers (34%) said that they wear a vest. Some 
specified that these garments were cotton. This is a useful practice as these 
garments absorb perspiration that would then be evaporated by means of 
convection as the worker moves. However, in Qatar’s extreme heat index 
and taking into consideration the amount of physical activity these workers 
perform, a T-shirt or vest made out of traditional cotton fibers is insufficient, 
as it will very quickly become drenched and heavy with perspiration, causing 
chafing and discomfort. This inner garment layer should optimally be made 
out of a fabric that has a high wicking capability. The fabric would then absorb 
moisture away from the skin as it facilitates evaporative heat exchange. 
even though the workers questionnaire established that around 65% of the 
workers shower before they go to work, the vast majority of workers (90%) 
travel to work in buses that are not air-conditioned and 1% walk to work—the 
hot bus ride/scorching walk thereby negates the previous cooling shower. This 
highlights a very important issue: at the start of their work shift workers are 
already overheated. 
35  T-shirt (307 responses – 41%), underwear (270 responses – 36%).
Another major issue brought to light by this questionnaire is the workers’ 
level of hydration. Around 89%36 of the workers estimated that they drank 
between 5-3 bottles of water at work. We should keep in mind that the unit 
of measurement used varied from liter to bottle and that the size of the 
bottle was not indicated. However, this amount of water intake, when most 
workers work between nine to eleven-hour shifts (Human Rights Watch 
(Organization) 2012, 62), would be inadequate, especially if the bottles 
referred to are less than one liter in capacity (OSHA recommends half a liter 
per hour).
36  eighty nine percent is the total number of responses (685 responses), who estimated that 
they drank from 5-3 bottles of water at work. These responses are found in the Appendix in Chart 
13 titled, “How many bottles of water do you drink at work.”
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traditional textiles
The most common fabrics used through the regions studied are cotton and 
wool. Linen was used extensively in ancient egypt, but has been replaced in 
popularity by cotton. Muslin and similar light fabrics are used for head covers 
and veils. All these natural fabrics are hydrophilic (absorb moisture), light  
and airy. 
Dark-colored wool, traditionally used to make Bedouin tents, absorbs heat, 
but, because it provides shade, it is still 10-15 degrees cooler inside a tent 
than outside. Air circulates through the loosely woven fibers that swell in 
the rain to prevent leaks. The natural oil in the hair also repels water. Most 
probably, the same bellow and chimney action described under “Bedouin 
desert robes: Discussion” in the “Clothes for heat” section, that promotes 
convective cooling in woolen Bedouin robes creates a cool microclimate in 
tents (Lockerbie 2013; Langmead and Garnaut 2001).
natural heat protection remedies
Henna
Henna is widely used from North Africa to India. The plant’s dried green 
leaves are pounded, mixed with water, and applied to the skin, the hair and 
the clothes, as seen in figures 64 and 65. Henna dyes a deep orange that 
matures after time to almost black. “Women typically mix henna with sweet-
smelling herbs or orange blossom water to mask henna’s earthy, pungent 
scent” (Becker 2010, 194). Berber women decorate their white woolen clothes 
and head scarves with painted henna patterns and regularly apply the wet 
paste, mixed with aged butter, to their hair to keep cool (Johnson and Foster 
2007, 73).
Figure 64 (top). Women’s 
taritat or veil, northeastern 
Middle Atlas, Morocco. 
96 x 100 centimeters 
(38’’ x 39,5’’). Tie-dye and 
henna painting on wool 
fabric. Woven between 
1963-1965. Source: www.
berber-arts.com (Blazek and 
Crouzet n.d.).
Figure 65 (bottom). Detail 
of taritat or veil. Source: 
www.berber-arts.com 
(Blazek and Crouzet n.d.).
materialS  
for heat
traditional use of color
White
As white deflects light, it was the color worn when travelling to the tropics. 
“In the nineteenth century it was believed that heat caused tropical diseases, 
and thus the white top for a sea captain’s hat was supposed to be medically 
prophylactic (Milbank 2009). However, unless the fabric is opaque, white and 
light-colored fabrics will not succeed in protecting the wearer from solar and 
terrestrial radiation.
Yellow and Red
During the early 1900s, British travelers to the Indian subcontinent used 
their contemporary understanding of science to adapt to the new thermal 
environment. Sir George Birdwood, an Indian-born British naturalist and 
writer, recommended the wearing of yellow to protect oneself from the 
sun’s harmful rays. This was based on the idea that it was impossible to get 
sunstroke or heat fever while exposed to a dark source of warmth, such as a 
furnace, and also based on observing photographers’ use of red and yellow 
light when developing their films. The color did not have to be on the outside 
of the garment (Johnson and Foster 2007, 44).
 
The tourist in Qatar
As the Qatar National Vision aims to move away from an oil-based economy, 
the Qatari government focuses on the stimulation of tourism. With 
authenticity being an important component of the touristic experience, it is 
unlikely that visitors remain in their air-conditioned hotel rooms or confine 
their sightseeing to malls. Going out in the streets, interacting with the local 
population, exploring the desert and the sea, visiting different locales and 
heritage sites, experiencing the camel races, all grant elements of the sought-
after “authentic experience” and all require interaction with Qatar’s climate. 
Wearing appropriate clothes is important if tourists want to stay healthy and 
active. An estimated 500,000 football fans are also expected to flood the 
country for the FIFA 2022 World Cup. These fans would be a target population 
for iconic thermoregulation fan jerseys. 
The Qatar Tourism Authority (QTA) advises tourists to wear “lightweight 
fibres” and “wicking materials” as they are “invaluable” in Qatar’s “extreme 
heat and high humidity.” QTA also advises visitors to protect their bodies 
from sunburn by covering exposed areas, and to carry a wrap or jumper 
to use when temperatures get too cold in malls and restaurants because 
of the air-conditioning and during chilly winter nights (QTA 2009). These 
recommendations are consistent with the body of research presented in the 
previous chapters and with the outcome of this thesis—the concept suit.
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Apart from being used as a natural dye, the henna plant, 
Lawsonia Inermis, possesses antibacterial, antiviral, anti fungal, 
anti-parasitic (Habbal, Al-Jabri, and el-Hag 2007, 122), anti-
diabetic, antioxidant and anti-carcinogenic properties, among 
others (Makhija 2008; Chaudhary, Goyal, and Poonia 2010; 
Kamal and Jawaid 2010). 
Most interestingly, crude ethanol extract (alcohol) from 
the leaves of the Lawsonia Inermis is responsible for its anti-
inflammatory, analgesic and antipyretic properties (Kamal 
and Jawaid 2010). Carine Fabius explains in her book, Henna, 
The Art of Body Painting, that even with only a few dots on the 
skin, the cooling effect was achieved. The question is, can these 
properties be maintained in henna-dyed textiles? The answer is 
yes, as shown in the henna experiment that is discussed in more 
detail in Chapter 3: “Design Process.” 
Theoretically, another way to use henna’s active cooling 
properties might be to microencapsulate the active ingredients 
into the fabric. The ingredients may then be released 
intermittently either as a result of body warmth or friction and 
movement. Micro-technology is defined in a later section. 
The sketch in figure 66 shows how migrant workers may apply 
henna to areas of high thermosensitivity, such as the neck, 
to promote cooling. The sketch also shows how workers may 
apply kohl to counteract the sun’s glare. Figures 186-189 in the 
“Concept suit” section model these natural applications.
Figure 66 Sketch of how a 
migrant worker might use 
kohl to protect his eyes 
from the sun’s glare and of 
how henna may be applied 
to cool the body.
The practice of Mehndi [painting with henna on the skin] started out 
as an answer to the need for air-conditioning in the desert…. When 
the desert people of Rajasthan, Punjab, and Gujarat became aware 
of Henna’s cooling properties, they dipped their hands and feet in a 
mud or paste made with the crushed leaves of the plant. Even when 
the mud was scraped off, they noticed, as long as the color remained 
visible, their body temperatures stayed low. 
(Fabius 1998, 24)
M
at
er
ia
ls 
fo
r h
ea
t 
 
     Not Another Space Suit - Alia Khairat Not Another Space Suit - Alia Khairat 7978
current thermoregulation materials 
Age and physical and mental fitness are important factors that affect the rate 
and severity with which humans experience thermal stress. Certain climates, 
but also certain activities, add to the body’s thermal load. Specialized 
materials, however, combined with optimized construction techniques, can 
facilitate thermoregulation, breathability and moisture management to 
ensure better performance, increased stamina and a delay in heat-induced 
fatigue. The following section documents current thermoregulation materials 
used to relieve thermal load specifically in high-performance sportswear and 
work wear. Materials will be categorized by function. As mentioned in the 
GSSI study (in the Introduction), the level of physical stress workers endure is 
sometimes greater then that endured by athletes in world-class events. Work 
wear is therefore now using heat management solutions devised for sports 
wear to improve workers’ thermal comfort and consequently their health  
and safety. 
Thermal insulation
Ultraviolet Rays (UV)
UV protection increases in parallel to the material’s density. Cellulosic fibers 
and silk provide less UV protection than wool and polyester. Pigments, such 
as titanium dioxide, absorb and reflect UV rays. UV protection finishing 
agents, such as Solartex, Tinofast and Rayosan, are available in the market 
(Shishoo 2005, 110).
Air
Air seems to be the operative element, affecting people’s sensation of both 
heat and cold. In hot environments the circulation of air through clothes and 
against the skin causes the evaporation of moisture, thereby cooling the body, 
while in cold conditions, trapped, static air is the perfect insulator. 
Clothes that trap air, creating a warm microclimate, provide the best 
protection from the cold. “Thermal insulation provided by dead air is 4.7 
clo38 units per inch thickness of dead air, which is very comparable with the 
best insulating fur of animals” (Gisolfi and Mora 2000, 111–112). For hot 
environments, the alveolar structure of raised knits, such as honeycomb, 
ribbed and pique, produces breathable fabrics that encourage airflow. These 
textures are used on the inside of the garment for maximum efficiency.
Moisture management
Whenever there is activity, an amount of sweat will accumulate. Some 
sportswear and work wear accessories aim to absorb excess moisture, such as 
ergodyne’s Chill-Its® Cooling Line, which offers bandanas and head and wrist 
sweatbands made out of sponge as well as absorbent terry cloth. 
Other moisture management solutions wick moisture away from the skin. 
Natural hygroscopic39 fibers, such as cotton, have been used in the past 
to absorb perspiration in hot climates. Cotton works well with a limited 
amount of perspiration, absorbing moisture and wicking it away from the 
skin through the fiber’s capillaries to be dispersed on to the garment’s surface 
and evaporated. In sports, however, where physical activity produces larger 
amounts of sweat, especially in hot, humid environments, cotton becomes 
saturated. Wet cotton is heavy and dries very slowly, causing discomfort, heat 
rash and chaffing. Fast-drying, manufactured fibers, such as polyester, are 
now used extensively in sportswear to wick away moisture. The hydrophobic40 
polyester fibers are modified to absorb and wick moisture away. Other 
manufactured fibers, such as soy, have superior wicking in comparison to 
cotton, but weaken when wet (Baugh 2011, 33). Adidas’ CLIMACOOL® and 
Nike’s Dri-FIT are polyester garments with wicking properties. 
38  Clo is the unit used to measure the degree of insulation clothing provides. Clo is used to 
measure the thermal insulation of clothes, where one (1) Clo = 0.155 m2K/W. Thermal resistance 
is measured in m2K/W. Zero Clo corresponds to a naked person and 1 Clo corresponds to a person 
wearing a typical suit.
39  Hygroscopic means that a material of fiber tends to absorb moisture from the air 
(“Hygroscopic” 2011).
40  Hydrophobic refers to fibers that repel water (“Hydrophobic” 1995).
Kohl
Kohl has been used since antiquity not just for beautification but also to 
cleanse the eyes from impurities. Its blackness also protected the eyes from 
the sun’s glare. In ancient egypt, green copper oxide (malachite) and black 
lead galena (kohl) were ground and combined with water or fat to produce 
eye make up that was applied with a small stick (Vogelsang-eastwood and 
Rooijakkers 2010, 173). Silvery grey powder (antimony sulfide) or black ash 
(carbon) sometimes replaces malachite. “Men [in Morocco] also outline 
their face with kohl to protect them from the glare of the sun” (Becker 
2010, 199). These heavy metals, however, are all poisonous. Substituting 
kohl’s traditional ingredients with medically tested ingredients should safely 
minimize the sun’s glare.
Red Ochre
Apart from a loincloth for the men and an apron mini-skirt for the women, 
the only thing covering the Namib Himba’s bodies is “a mixture of ochre37, 
[rancid] butter fat, and an aromatic resin of herbs from the omuzumba shrub. 
The concoction gives their skin a distinctive reddish hue [figures 67-68]— and, 
more importantly, protects their skin from the harsh sun” (Greenberg 2007). 
The paste is known as otjize. Rubbing their bodies and coiffing their hair with 
this mixture are a daily ritual. The mixture is even rubbed into whatever little 
clothing they are wearing. 
The Himba are not the only group of people to cover their bodies with  
natural substances to protect from the sun; the Ju/Hoansi Bushmen, or the 
San, of the Kalahari use a red root mixture (Bardavid 2008); and the people  
of central Myanmar, Burma use paste made of the bark of the Thanaka tree  
(Pwint 2008).
37  Red ochre comes from rust in the mud.
Figure 67. Grinding red 
ochre to make a paste 
(yamagata 2009).
Figure 68. Himba girl 
(Ocampo 2006).
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athletic performance in warm (26°C-27°C), humid (relative humidity = 50%-
75%) conditions” concluded that indeed the vest “allowed athletes to start 
and finish the competition with a lower Tc than those not wearing the vest” 
(Hunter, Hopkins, and Casa 2006). 
Improved performance was also reported in trials that involved pre-cooling 
the subjects, “[twenty] male physical education students who regularly 
participated in endurance and strength sports at a high level,” by having 
them wear “an ice-cold cooling vest (Arctic Heat, Burleigh Heads, Australia)” 
(Uckert and Joch 2007). Precooling, either by using cooling packs; cooled 
rooms and cold drinks, which showed the most promise; or by water 
immersion and cooling vests, improved endurance performance, especially 
in hot climates (Wegmann et al. 2012). Precooling increases the person’s 
heat storage capacity, thereby prolonging the time before the body reaches 
a detrimental level of thermal stress (yeargin 2008, 177). Precooling also 
conserves energy that the body would have otherwise spent in cooling its 
core43. This reserves more energy for the competition (Nike 2008). 
Adaptive materials
Adaptive materials are also known as smart, intelligent, functional or 
interactive, as they “sense and react to environmental conditions or stimuli, 
such as those from mechanical, thermal, chemical, electrical, magnetic and 
other sources.” Wearable electronics that incorporate sensors and electronics 
into the garments are also known as adaptive (Shishoo 2005, 110). Phase 
Change Materials (PCMs) and Schoeller’s C-Change™ are adaptive materials 
that react to thermal change.
43  “25% of our body’s total energy goes into moving muscle and 75% into regulating heat” 
(Nike 2008).
Figure 69. Pre-cool Nike 
Ice-Vest (Nike 2008).
PCM
PCM (Phase Change Materials) were developed for NASA. They are adaptive 
materials that are classified as “latent heat storage systems” (Sharma and 
Sagara 2005). PCM have a certain temperature at which they change phase 
from solid to liquid and vice versa. In cold temperatures, PCM will continue to 
give off (radiate) heat, at an almost constant temperature, until it solidifies 
(crystallizes). When ambient temperatures increase PCM will continue to 
absorb heat, at an almost constant temperature, until it reaches its melting 
point and turns to liquid. PCM are ideal for people who deal with “extreme 
fluctuations of temperature” (Mattila 2006, 21) and/or who modify their 
mode of physical activity from very active to sedentary. 
INVISTA (product COOLMAX®) is one of the oldest brands to use recycled 
PeT (Polyethylene terephthalate) for the same purpose. AQUAMIRACLe™ 
(Asahi Kasei Fibers Corporation, Japan) is a wicking fabric, which also provides 
UV protection and reflects heat-causing infrared rays (Asahi Kasei Fibers 
Corporation 2013). For these reasons it was selected for the concept suit’s 
inner T-shirt layer. A sample of AQUAMIRACLe™ is found in the Appendix.
Sportswear today is knitted with ribbed, honeycomb or pique interiors 
to minimize the amount of surface area in contact with the skin, thereby 
reducing the uncomfortable sensation and clinginess of wet fabric. The 
increased surface area provided by the irregular surfaces of these raised knits 
increases moisture absorption and the amount of air passing through, thereby 
speeding up drying time. For this reason, the honeycomb structure is used to 
make cleaning towels. 
Absorption & evaporation
Companies such as ergodyne and OccuNomix provide evaporative vests, 
bandanas, cooling towels and hard-hat neck shades. The evaporative vests 
and bandanas have a layer of air-laid nonwoven fiber41, or are filled with 
polymer crystals (called cooling crystals, under the brand name MiraCool®) 
or Super Absorbent Polymer (SAP42) and should be soaked in cold water 
before use to provide evaporative cooling. They are reusable and re-activated 
by soaking. The vest has a water-repellent lining. Cooling towels made of 
synthetic chamois are also used (ergodyne 2009). As previously documented, 
in the study conducted by McDonald et al. (in the “Heat management in 
Qatar” section), clothing that depends on evaporative cooling is unreliable in 
Qatar’s extreme humidity. 
41   Air-laid nonwoven “refers to a manufacturing technology that produces a web from short 
fibers, most often softwood pulp.…The process yields a paper-like fabric that is thicker, softer and 
more absorbent than paper”(Novathin 2011). Air-laid nonwovens are used in disposable wipes, 
diapers and feminine hygiene products.
42  “Superabsorbent polymers (SAPs) are materials with the ability to absorb and retain large 
volumes of water and aqueous solutions. They are made from partially neutralised, lightly cross-
linked poly acrylic acid and are the key ingredients in disposable diapers, feminine hygiene and 
adult incontinence products” (BASF 2013).
AquaTex Industries designed a three-layer evaporative cooling system called 
Hydro-weave® that is used in sportswear and work wear, including food 
service apparel. The cooling process is also activated when the garment is 
soaked in water for 5 minutes. Hydro-weave® has: an outer highly breathable 
shell, a middle fibrous batting layer made of a combination of hydrophilic 
fibers that absorb water and a hydrophobic fill that “evenly distributes 
and surrounds the saturated fibers with air, creating an ideal environment 
for evaporation” (Billian Publishing, Inc. 2005); and thermally conductive, 
microporous membrane laminate that facilitates the escape of perspiration 
(Shishoo 2005, 129). 
Companies such as GORe-TeX® also use multi-layered thermoregulation 
solutions with a windproof and waterproof, yet breathable outer shell; an 
insulating middle layer (membrane); and a wicking inner layer (lining). While 
GORe-TeX® is better suited for moderate and cold climates and Hydro-
weave® will be less effective in Qatar’s high humidity, the concept of a multi-
layered clothing system is still valid. The concept suit uses a two-layer system 
as explained in the “Mockups, more sketching and a prototype” section.
Cooling
As shown in the Cooling the Neck Region During Exercise in the Heat study 
in the “Thermoregulation machine” section, cooling the body improves 
performance and allows athletes to maintain a lower core temperature for 
longer periods of time. While the cooling collar study dealt with dulling 
thermal perception by cooling areas of high thermal sensitivity, the Nike 
Ice-Vest (figure 69) is used to maintain a low core temperature by cooling the 
entire torso. Research conducted on cross-country athletes “to determine if 
wearing the Nike Ice-Vest decreased core temperature (Tc) before and during 
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C-Change™
This new membrane technology was developed by schoeller® to mimic the 
interaction of a pinecone to different climates. The membrane not only reacts 
to heat but also to moisture levels. Similar to the pinecone, opening up in hot 
weather, the membrane becomes extremely porous, improving air circulation 
and allowing heat and moisture to escape. Conversely, as the pinecone closes 
in cold weather, the membrane contracts to keep heat in while maintaining 
its breathability (schoeller® n.d.). While exciting in concept, schoeller® 
products are quite expensive and may not be the best choice for the migrant 
workers in Qatar. 
Microtechnology
Microtechnology manipulates synthetic fibers, such as polyamide and 
polyester, at a micro level. Microfiber yarn is 1/60th the thickness of an 
average human hair, while ultra-microfiber yarn is only up to 1/200th of 
that same thickness. The possibilities microfiber fabrics present are virtually 
endless. Microfibers are engineered to microencapsulate a variety of 
medicinal compounds, UV protection, fragrance or moisturizers such as aloe 
vera. The active ingredients are released as movement and/or friction break 
the tiny capsules containing the active ingredients or even as a result of body 
heat that would, for example, intensify imbedded scents. encapsulating UV 
protectors that are combined with photo-chromatic pigment may warn the 
wearer when exposed to too much sun, and thermochromic pigment may 
warn from excessive heat. The encapsulated substances, however, are used up 
over time and as a result of washing. If applied to migrant worker uniforms, 
microencapsulated substances will probably not survive the extreme wear 
and tear, resulting from abrasion and washing. 
Figure 70 (top three 
images). ergodyne PCM 
cooling vest bought as  
a sample.
Figure 71 (bottom). Frozen 
ergodyne PCM pack. 
The image shows the 
inflexibility of the pack 
(ergodyne 2012).
Organic PCM (paraffin waxes) are most commonly used in textiles. The 
paraffin is microencapsulated into textiles to prevent the paraffin from 
leaking while in a liquid state. Inorganic PCM salt hydrates such, as Glauber’s 
salt (sodium sulfate), are also used (Mattila 2006, 23–24) but encased in 
plastic pouches and placed in the garment’s pockets. 
As part of the artifact analysis phase, a Phase Change cooling vest from 
ergodyne (figure 70) was purchased and examined. It incorporates two PCM 
packs, one inserted in the front and one in the back of a cotton vest, however, 
it is filled with organic PCM (Hexadecane and Tetradecane). The company 
states that the PCM vest maintains a constant temperature of 14.5°C for 
up to four hours. It seemed to maintain its solid state in an air-conditioned 
environment for a couple of hours, but it was not tested in Qatar’s +45°C 
outdoor climate. It seems, though, that if it has a melting temperature of 
14.5°C that it would not fair well in Qatar’s heat. The PCM pack is quite big, 
covering the entire torso, and sticks out rigidly when in its solid state (figure 
71). This makes it quite awkward to move in, especially if the worker crouches, 
bends and kneels a lot as Qatar’s migrant workers do (shown in the “Second 
skin” section). The total weight of the PCM vest is approximately 3.4 kilos.
A Norwegian study published in the International Journal of Occupational 
Safety and Ergonomics, entitled, “Optimizing the Performance of Phase-
Change Materials in Personal Protective Clothing Systems,” concluded 
that the amount and the strategic placement of PCM packs in Personal 
Protective Clothing systems positively influenced thermal comfort, minimized 
insulation, reduced sweat and improved moisture transport to the outer 
layers of the clothing system. For, unlike the ergodyne vest that totally 
covered the torso (back and front) thus obstructing moisture transport 
(perspiration) to the outer layers of the garment and inhibiting breathability, 
the Norwegian study placed PCM packs on the chest, abdomen and back, 
which are areas of high thermal sensitivity (along with the face and neck). This 
placement leaves room between the PCM packs for wicking and convection 
to occur and is similar to the PCM placement used in my concept suit 
(Reinertsen, Fǽrevik, and Holbǿ 2008, 43–44). My concept suit, however, also 
has a PCM pack at the back of the neck. My intention was to have the PCM 
packs in accessible locations, so that they may be replaced with fresh ones 
when the old ones have melted and need to be recharged (frozen), hence the 
absence of packs on the back. This could be a future design option though. 
The Norwegian study based its results on field and laboratory experiments 
and is an important precedent to my concept suit, establishing scientifically 
that strategically placed PCM do improve thermal comfort. This is discussed 
further in the “Inner layer: The T-shirt” section. 
The PCM used in the study had a transition temperature of 28- 32°C, which 
is close to the thermally neutral temperature of the skin (33°C). This is 
important to keep the wearer’s microclimate at a comfortable level; however, 
PCMs used in Qatar will need to have a higher threshold as ambient summer 
temperatures are frequently between 30-50°C. The solution may be in 
Outlast’s® raw PCM which has a transition temperature of 42°C, however 
testing is required. Outlast® is one of the main suppliers of PCM products 
that are based on paraffin waxes and microencapsulation technology (Mattila 
2006, 24). The Norwegian study also stated that the cooling capacity of 
Outlast’s® microencapsulated PCM was only 30% that of Glauber’s salt 
(sodium sulfate) (Reinertsen, Fǽrevik, and Holbǿ 2008, 52).
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problem  
definition  
and Scope 
cognitive mapping
Brainstorm graphic organizers and mind maps were two of the 
most important research methods used throughout this thesis. 
Clustering information and establishing connections, they were 
used to identify, understand and organize existing knowledge, 
as shown in figures 72-74 and 101-102, but also to make new 
relationships and generate unorthodox associations as seen 
in the “three key words” mind map in figure 130 (“Three key 
words” section).
Figures 72-73 were made at the very start of the design process, 
in September 2011. Figure 72 was the first graphic organizer 
and illustrates “what” the thesis was intended to be. Figure 73 
is a wall-size mind map that organizes and groups preliminary 
information, to get a sense of what is already known and to 
pinpoint what needs to be verified, identifying where gaps 
in knowledge exist. Figure 74 was made in February 2012 to 
organize the different concepts around the central problem 
statement, physical activity in Qatar’s high heat index climate 
while wearing generic clothes. The figure also shows the main 
concept of the T-shirt, the two initially target audiences (the 
workers and the tourists44), a list of problems, a list of materials 
and a list of inspirations.
44  Blue-collar migrant workers were chosen, over tourists, as the target 
audience because the worker population was: larger in numbers, disregarded and 
uneducated in heat management, and in greater need of thermoregulation wear 
because of the necessities of work. Tourists are generally more aware of the 
dangers of heat stress and have the choice not to deal with extreme heat.   
Figure 72. A graphic 
organizer that illustrates 
“what” the thesis was 
intended to be. Made in 
September 2011.
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Figure 73. The first mind 
map. September 2011: 
Figure 74 (following page). 
Mind map to organize the 
different concepts I was 
working with, made in 
February 2012. 
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reSearch
primary research
Primary research was conducted in the form of a workers questionnaire, a 
henna experiment, photo documentation and analysis, as well as an artifact 
analysis that included workers clothes available in the Qatari market and the 
ergodyne® Phase Change Material (PCM) cooling vest. 
Workers questionnaire
Description, analysis, results and conclusion of the workers questionnaire are 
found in Chapter 2 “Precedents.” All related charts are found in the Appendix. 
Information gathered from the questionnaire was used to validate and inform 
the final design. 
Henna experiment
Background
Henna (Lawsonia inermis) is known to have a cooling effect when applied to 
the skin as discussed in the “Natural heat protection remedies” section, but 
does it have the same effect when applied to fabric? The experiment aimed 
to discern if henna applied to 100% cotton fabric contributes to a lower fabric 
temperature thus improving thermal comfort in clothing. Dr. Khaled Saoud, 
Assistant Professor of Physics at Virginia Commonwealth University in Qatar, 
and one of my secondary thesis advisors, had a fundamental role in setting 
up this experiment and in outlining proper scientific procedure. Four types of 
henna were used to dye the test swatches; three of the swatches were dyed 
with natural henna, while the fourth was dyed with “black henna,” which is 
henna that is mixed with para-phenylenediamine (PPD), a black dye used in 
hair dyes. Although “black henna” is a misnomer and does not occur naturally, 
this is the common market term that will be used throughout this research.
experiment
Figure 75-83 show the whole “Henna experiment” process. equipment used in 
the experiment were: 150 Watt bulb, 2 thermometers, 5 swatches (4 henna-
dyed swatches, 1 undyed control swatch), 2 retort stands, 2 boxes, I thick 
cardboard sheet and a timer.
Four swatches approximately 12 x 12 centimeters were dyed, each with 
a different type of henna (yemeni black henna, yemeni original henna, 
Sudanese Zahret el Dammar original henna and Sudanese Luluaats elDamar 
original henna). equal parts of henna and water were sufficient for the original 
henna, but the black henna needed more water, about double the amount, to 
mix well. The paste was then spread on both sides of the cloth swatch with a 
spoon. The swatches were left to dry naturally. Figure 75 shows the process. 
After the henna dried on the fabric it was hand-washed off with generic hand 
soap. The swatches were labeled as follows: 
OC: Untreated control swatch
AW: yemeni black henna 
FW: yemeni original henna 
HW: Sudanese Luluaats elDamar (LD) original henna 
DW: Sudanese Zahret Al Dammar (ZD) original henna
The henna experiment was set up as shown in figures 76-77. The 150 Watt 
bulb was held by a retort stand and placed 10 centimeters from the fabric 
swatch (figure 78) that was clasped in place using the other retort stand. Two 
thermometers were placed touching the swatch, one from either side of the 
fabric to determine the temperature of each side (figure 79). 
Figure 75 (opposite page). 
The process of applying the 
henna to the fabric and how 
it looks as it is drying.
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The temperature of both sides was recorded before the experiment began 
and then, when the bulb was turned on, recorded every 2 minutes for a total 
of 18 minutes (figure 80). One by one the swatches were placed in front of 
the bulb to be tested (figures 81-83). The bulb was switched off between 
experiments. even so, a thick cardboard sheet was placed between the bulb 
and the retort stand while the swatch was being replaced with another, and 
the thermometers were being reset to block any residual heat emanating 
from the closed bulb. 
Observations & Discussion
I realized while mixing the henna to create a paste that natural henna needed 
twice the amount of water as black henna. Also, the black henna was coarser. 
During the first 2 minutes of the experiment the swatches’ inner surface and 
its outer surface (that was exposed directly to the bulb’s heat) quickly heated 
up, and even though the two sides were approximately the same temperature 
(±0.6°C) at the beginning of the experiment, there became a noticeable 
difference of temperature between the two sides. This temperature difference 
was about: 6°C for swatch HW; 8°C for swatches AW (black henna) and FW; 
10°C for swatch OC; and 12°C for swatch DW. 
There continued to be a difference in temperature between the swatch’s inner 
surface and the outer surface and after 18 minutes, there was approximately: 
a 9°C difference in the control swatch (OC); a 10°C difference in swatch 
HW; an 11°C difference in swatches AW (black henna) and FW; and a 13°C 
difference in swatch DW. 
Figure 84 shows a comparison of all swatches’ inner and outer temperatures. 
Tables of all the temperatures recorded are found in the Appendix. 
Figures from left to right. 
Figure 76-77 (top). Set up 
of henna experiment.
Figure 78 (top). The bulb 
placed 10 centimeters away 
from the swatch.
Figure 79 (top). Two 
thermometers placed on 
either side of the swatch.
Figure 80 (bottom). 
Temperature recorded every 
two minutes.
Figure 81 (bottom). Black 
henna swatch.
Figure 82 (bottom). 
Original red henna swatch. 
Figure 83 (bottom). 
Recording temperatures.
76 77 78 79
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comparisoN 
of iNNer 
temperatures
comparisoN 
of outer 
temperatures
comparisoN  of 
iNNer aNd outer 
temperaturesessentially, the black henna swatch is not 100% pure henna and was therefore 
ineffective. The black henna swatch may also be considered as a black dyed 
sample. This is because results presented in figures 84-86 show that there 
was no real difference between the surface temperatures of the white control 
swatch and the black henna swatch, indicating that the color of the fabric, has 
no real effect on its ability to withstand heat.
It is clear that the heat emanating from the 150 Watt bulb is much higher 
than Qatar’s average summer heat. One may therefore conclude that if the 
henna swatches had lower inner temperatures than the control, then henna 
dye would surely be useful in a clothing system.
Field observation 
Photos were taken to document what workers wore, specifically to protect 
the head and face45 (figures 53-60), and how they moved (figure 14) to 
allow for this movement in the concept suit. Field observations and photo 
documentation are presented in Chapter 1: “Context” and Chapter 2: 
“Precedents.” The majority of photos were taken in the Industrial Area and 
locations around Al-Gharraffa, Duhail and Al Rayyan areas in Doha. 
Three attempted interviews and a few personal interactions with workers 
were awkward, socially and culturally difficult, filled with mistrust and 
generally failed due to the language barrier. My appearance seemed to infer 
social stature and I was asked by one of the workers if I was a reporter. The 
workers seemed to mistrust me, and it seemed that their answers were 
untruthful, as they avoided any complaints and negative comments when 
asked if they, or anyone they knew, ever got sick from the heat. 
45   Focus was on the head region as most heat exchange occurs in that area.
opposite page:
Figure 84 (top). 
Comparison of all the 
swatches’ inner and  
outer temperatures. 
Figure 85 (middle). Inner 
swatches’ temperatures.
Figure 86 (bottom). Outer 
swatches’ temperatures.
After 18 minutes of heat exposure, both Sudanese henna swatches recorded 
significantly lower inner surface temperatures (Sudanese ZD = 44.6°C and 
Sudanese LD = 44.8°C) than the control (54.4°C) and the two yemeni henna 
swatches (black yemeni = 53.5°C and red yemeni = 49.3°C), as shown in 
figure 85 (middle chart on opposite page). It is noticeable that after the 
same amount of time the red yemeni swatch recorded a lower inner surface 
temperature than the black yemeni swatch, which, in turn, recorded a 
minutely lower temperature than the control swatch. 
With regard to the outer surface temperatures (figure 86, bottom of opposite 
page), after 18 minutes of heat exposure both Sudanese henna swatches 
still recorded significantly lower outer surface temperatures (Sudanese ZD 
= 54.8°C and Sudanese LD = 57.8°C) than the control (63.4°C) and the two 
yemeni henna swatches (black yemeni = 64.2°C and red yemeni = 61.1°C). The 
black henna swatch showed the highest outer surface temperature, probably 
because of its color. When applied to clothes, the inner surface temperatures 
are the most significant, as they directly affect the wearer’s thermal comfort. 
In trying to explain the success of the Sudanese henna over the yemeni henna, 
one can only assume that the former is purer.
Henna experiment conclusion
Though it is unclear why fabric temperatures are lower when they are dyed 
with henna, this experiment does prove that henna, especially the Sudanese 
Zahret el Dammar (ZD) original henna, has some sort of cooling or insulating 
effect. In fact, there was approximately 10°C difference in inner surface 
temperature between the Sudanese ZD swatch (44.6°C) and the control 
(54.4°C) and about 9°C difference between the control (63.4°C) and the 
Sudanese ZD’s (54.8°C) outer surface temperature. 
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Instead, they stated that the heat was not that bad (even though 
temperatures reached 48°C and humidity  reached 90%). Photo 
documentation was chosen as the primary observation method, as it was less 
obtrusive, required minimum interaction and allowed for further examination 
and later study. 
Artifact analysis
An analysis of workers uniforms available in the Qatari market and used by 
migrant workers was conducted. These included two-piece suits and coveralls. 
Successful features were photographed, as seen in figures 87-98 on the 
opposite page and some features were incorporated in the concept suit. Most 
of the images are from one specific uniform. It is one of the best uniforms in 
the Qatari market today and also one of the pricier models, costing around 
QR 70. The uniform incorporates a number of beneficial features, as shown in 
the images on the opposite page.
 
The question may arise, why design a “suit” when such a good example 
already exists? The answer is in incremental change. The concept suit 
provides additional features that specifically aim to improve thermal 
comfort. These features are: perforated areas located in areas where the 
body’s pulse points and sweat glands are (the generic market suit has two 
perforated strips on either side of the coverall’s side seams, a location that 
does not coincide with any of the body’s thermo-sensitive areas); a low 
crotch and wide legs to facilitate convection; an inner wicking layer that has 
compartments for cooling PCM packs and a built-in head cover; Velcro front 
opening for ease of use and to avoid zipper malfunction, and, above all, the 
concept suit introduces a more powerful silhouette emphasized by bright 
Figure 87. Cargo pockets, 
mesh fabric on the sides for 
ventilation, utility pocket on 
the sleeve.
Figure 88. Close-up of  
cargo pocket.
Figure 89-90. Uniform has 
open access to pants worn 
underneath. Figure 89 opens 
with Velcro and figure 90 
opens with a metal snap. 
Figure 91. Raglan sleeve.
Figure 92. Zipper opens 
from both sides.
Figure 93. Pleated back 
seam for extra width and 
pleats at the waist lined with 
an elastic band, for comfort 
as workers bend.
Figure 94. Close-up of 
pleated back seam.
Figure 95-97. Close-up of 
stretched waist pleats.
Figure 98. elastic band that 
lines the waist pleats.
orange top-stitching and utility pockets that mimic a six-pack to project 
a superhero-inspired look. The concept suit is not a space suit, fitted with 
tubes and equipment and covering the body in such a way that movement 
is encumbered. The concept suit provides incremental additions that seek to 
improve thermal comfort with minimal complications.
secondary research
Design ethnography 
Design ethnography research and photo studies were conducted and 
presented in Chapter 2: “Precedents.” The study relied on information 
gathered from, but not limited to, the following sources: the Berg Fashion 
Library and its corresponding Berg Encyclopedia of World Dress and Fashion 
(Berg Publishers 2012); Dress sense: emotional and sensory experiences of the 
body and clothes by Donald Johnson and Helen Bradley Foster (Johnson and 
Foster 2007); Arabian Sands by Wilfred Thesiger (Thesiger 1994); and the 
Standard Library of Natural History by Cornish et al. (Cornish 1907). Some of 
the most important sources of photos were from: the National Geographic 
database and photos taken by travel and ethnographic photographers.
Literature review
Because of the complexity of the problem and the magnitude of background 
information needed, extensive secondary research was conducted. This 
research is presented in the previous chapters entitled, “Context” and 
“Precedents.” These sections represent a sharp learning curve. 
87 88 89 90
94
98979695
91 92 93
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SyntheSiS 
image boards 
The mood board in figure 99 was made to synthesize the look and feel of the 
ethnographic study, which was the inspiration for the layout design of the 
thesis’ main research component, which as completed in December 2011. 
A mood board (figure 100 on the following page) was later used to identify 
elements of the research that were brought forward from the research phase 
to the concept generation and design phase. The mood board includes (from 
top to bottom, left to right): the Nike cooling vest; the “Ptolomea” suit 
used in the Naica caves to withstand extreme temperature and humidity; a 
Moroccan henna-dyed shawl as it was my intention to explore the effects of 
henna on fabric; an illustration of the body and the location of sweat glands; 
flat drawings of a serwal and an egyptian galabiya, both are cut leaving zero-
waste (the galabiya resembles, in cut, ernesto Thayaht’s “tuta,” which is the 
image next to the flat drawings); Tuareg indigo blue veil; two images of a 
migrant worker’s face mask; traditional serwal of a Jordanian man; finally, the 
traditional thobe of an Omani man. The Omani thobe has side seams similar 
to the egyptian galabiya.
Figure 99. A mood board to 
synthesize the look and feel 
of the ethnographic study, 
used for the layout of the 
December 2011 research 
component of the thesis.
cognitive mapping: synthesis 
Shifting from a research phase to a synthesis and concept generation phase  
I found it important to pinpoint the exact direction in which the thesis project 
was heading. Figure 101 shows certain elements of interest identified from 
the ethnographic research performed in Chapter 2: “Precedents.” Some of 
these elements were incorporated in the final concept suit, such as, the 
gussets and the aeration, while others remain interest points for further study, 
such zero-waste patterns. Figure 102, however, summarizes the key design 
components of the concept suit that were identified as the core protagonists 
of thermoregulation. At this point in the process the thesis was very much a 
pragmatic one. 
This, however, will change in the next phase: “Concept generation” when I 
made the “three key words” mind map.
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Figure 100 (opposite page). 
This mood board gathers 
all the different elements 
of research done during the 
fall semester of 2011 (the 
research phase). 
Figure 101 (left). Main 
concepts used from the 
ethnographic study.
Figure 102 (right). A 
diagram that summarizes 
the thesis project’s three 
focus areas. Apart from 
the henna and kohl, these 
remained the core  
design concepts.
Sy
nt
he
sis
  
elements 
of the 
research 
brought 
forward:
Cooling materials
Cooling structures 
Head coverage
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concept 
generation: 
the Sketchbook 
Through the sketchbook one can map the origins of the heroic suit. It was 
born in pragmatism and utility but evolved into a concept—an idea to shift 
social perception. Throughout the thesis project, the sketchbook was my 
depository of ideas, a way to compare design permutations and externalize 
concepts for feedback. In the sketchbook I also collected images and notes 
from further reading. These Images instigated the transfer of aesthetic46, 
and in some cases function47, from one discipline (architecture) to another 
(fashion). This proved to be a useful concept generation tool. A symbiotic 
relationship between sketching and making was developed at this stage and 
carried through to the prototyping phase of the project.
shapes & structures
The first sketches were to define the general silhouette of the design. 
Silhouettes were inspired from the indigenous structures of clothing explored 
in Chapter 2 (figure 103) and from photos taken of Qatar’s migrant workers 
(figure 104). Some initial silhouettes resembled a space suit (figures 105), 
which was not the intention. Though both the space suit and the coverall-
type garment I was designing were similar in that they both covered the body 
from head to toe, I was still striving for a different look. Silhouettes in figure 
105 illustrate preliminary ideas of how to incorporate vents, perforations and 
cooling and hydration packs. 
46  See figure 110 in “The turban” section.
47  See figure 108 in the “Architecture of cooling” section.
Figure 103. Silhouettes 
inspired by traditional 
desert clothes.
Figure 104 (opposite page-
left). Silhouette inspired 
by an image of a migrant 
worker’s silhouette. 
Figure 105 (opposite  
page-right). Series of 
silhouette permutations.
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Figure 108. 
Thermoregulation clothing 
structure adapted from 
traditional Gulf architecture.
architecture of cooling
 
Traditional Gulf architecture is known for using 
certain features, such as wind towers and 
badgheers, to cool interiors. Wind towers were 
used in dense urban settings to draw cool breezes 
down into the house. In Iran, houses would have 
a qanat or water canal that hot air (pulled from a 
lower level vent) would pass over, as seen in  
figure 106. As the air passes over the water it 
is cooled. Warm air rises from the house and 
escapes through the wind tower and cool air 
from the underground qanat is pulled in creating 
a chimney effect, similar to what occurs in Arab 
robes (under “Bedouin Desert Robes” in the 
“Clothes for heat” section). 
Badgheers, which are horizontal or vertical vents 
and perforated panels, also known as naksh 
(figure 107), are features that ventilate and 
promote convective cooling. The sketch in figure 
108 (opposite page) is inspired by the qanat 
ventilating system, where cooling packs cool 
ambient air coming into the clothing system via 
vents. As hot air escapes the clothing system, 
through vents and perforations, it encourages the 
circulation of the cooled air. 
Vents and perforations are a primary design 
component of the concept suit.
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Figure 106. Wind Tower 
cooling system. Adapted 
from Samuel Bailey  
(Bailey 2009).
Figure 107. Badgheer which 
are perforated panels and 
horizontal vents.
     Not Another Space Suit - Alia Khairat Not Another Space Suit - Alia Khairat 109108
The initial turban design consisted of a long rectangle with Velcro on 
either side and a face cover hanging from one side. The rectangular fabric 
had compartments where cooling packs were to be inserted. This design 
seemed too complicated though, and the hanging face cover was potentially 
troublesome to position. The turban was simplified into a long rectangle that 
featured only three cooling pack compartments located in the center, similar 
to the rectangle shown in figure 115 on the following page. 
This very basic design could be worn in a multitude of ways (figure 111) and 
wrapped around different regions of the body, like a cooling shawl. Because 
of its versatility, it has the potential to be used by migrant workers and other 
groups of people.
design elements
In this concept generation phase, I explored different elements of the 
concept suit: the turban or head cover (because of the head region’s 
thermosensitivity), the T-shirt (because its ubiquitous use in Qatar 
interested me) and the concept of pleats (because of their use by the 
ancient egyptians and in the coverall). But all the while, I was conscious of 
the core thermoregulatory components of the design, those being: vents 
and perforations, cooling packs and the overall looseness of the suit. To 
facilitate convective and evaporative cooling, the placement of the vents 
and perforations correspond to the location of the body’s sweat glands, 
illustrated in figure 8 in the “Thermoregulation machine” section, and pulse 
points illustrated in figure 194 in Chapter 4: “The exhibition.” The Norwegian 
study previously mentioned under “PCM” in the “Current thermoregulation 
materials” section, supports the location of the cooling packs on the chest 
and abdomen. A question I pondered was, should the garment be just a vest 
or jacket, since the torso is a main source of the body’s heat? or should it 
be a complete suit, reminiscent of the pioneer coverall—all encompassing?  
Hydration was another issue explored.
The turban
As mentioned earlier, design inspiration was found while exploring heat-
efficient architectural structures, such as the Beijing National Aquatic Center 
or the “Water Cube” (figure 109), which was built for the 2008 Olympics. 
The bubble structure is made of a recyclable, light, extremely strong and 
transparent plastic called eTFe (ethylene Tetrafluoroethylene), “which absorbs 
solar radiation and reduces thermal loss” (Garvey 2008). Although the 
structure’s function did the opposite of what the concept suit should do, the 
striking bubble effect inspired the initial turban design in figure 110. 
Figure 109. Beijing National 
Aquatic Centers or the 
“Water Cube.”
Figure 110 (opposite 
page-left). Sketch of the 
first “Water Cube”-inspired 
turban design.
Figure 111 (opposite page-
right). Different ways to 
wrap the cooling turban.
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The T-shirt
The T-shirt is an iconic component 
of the migrant worker’s outfit. The 
workers questionnaire showed that 
41% of the workers surveyed wear 
a T-shirt under their work clothes, 
and the previous sections showed 
how the workers use the T-shirt as a 
face and head cover. It was therefore 
important to wear the T-shirt, the 
way they wear it, to experience 
first hand how it feels and how one 
breathes while it covers the face. This 
led to a series of trials, experimenting 
with different ways of using the 
T-shirt to cover the face and head. 
This body-storming exercise, seen 
in figures 112-113, made me realize 
how intuitive and efficient is the way 
migrant workers wear the T-shirt.
The T-shirt seemed to be the perfect 
garment: it was soft, comfortable, 
stretchable, breathable, cotton, 
versatile in that it may be worn in 
a number of ways, recycled and 
recyclable. So why not use it and 
enhance it? 
Figure 112. My son 
modeling the different ways 
workers wear the T-shirt.
Figure 113 (opposite page). 
Body storming
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Figure 115 (left). T-shirt 
permutations, playing with 
the placement of cooling 
packs (indicated in blue). 
The rectangular turban 
attached to the bottom 
long-sleeved T-shirt is the 
final turban design.
Figure 116 (right). T-shirt 
permutations that were  
the origins of the final 
T-shirt design.
Figure 114. Variations of the 
T-shirt head cover, with face 
cover and cooling options. 
The face opening is just a 
slit in the fabric that is held 
open by pulling it behind 
the ears (like parting hair). 
The idea of having a head and face 
cover attached to the T-shirt, not like  
a hoody, but rather growing naturally 
out of the T-shirt was interesting 
to me and seemed to be a practical 
feature that would provide the 
protection workers needed. So 
instead of the workers’ wearing an 
extra piece of clothing, albeit the 
head and face cover, it would be a 
natural extension of the T-shirt.  
The T-shirt would also serve as a 
perfect inner layer. The inner layer 
would have to be made out of a 
wicking fabric to keep the worker 
relatively dry and to facilitate 
evaporative cooling. 
Figures 114-116 explore the 
relationship between the T-shirt and 
the head cover and also play with the 
placement of cooling elements. The 
sketches in figure 116 were the source 
of the final T-shirt design. The sketch 
shows how the head extension may 
be pulled down to drape around the 
neck when the worker doesn’t want 
to cover the head. 
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Figure 117 (opposite page). 
Making process of the first 
T-shirt mockup.
Figure 118 (left). The first 
T-shirt mockup worn 
covering the head.
Figure 119. The T-shirt 
mockup with the head 
cover off and draped around 
the neck.
Figure 117, on the opposite page,  shows the making 
process of the first T-shirt mockup, and figures 
118-119 show the first T-shirt worn with the hood 
covering the head and then with the hood lowered 
to drape around the neck. 
At first the idea was to add compartments to the 
outer shell of the concept suit—the coverall—that 
would hold cooling gel packs or PCM packs. These 
compartments or pockets would serve a dual 
purpose: to hold the cooling packs but also to 
project a masculine, muscular aesthetic consistent 
with a superhero physique (see figure 161 under 
“Outer layer: The coverall” in the “Mockups, more 
sketching and a prototype” section). However, after 
further thought, this idea was revised. To maximize 
the effect of the cooling packs they actually needed 
to be placed as close as possible to the body, that 
is, on the T-shirt or inner layer. Placed in this new 
location, the cooling packs would also be protected, 
to some extent, from ambient heat by the concept 
suit’s outer shell (the coverall). This new direction 
will be discussed further in the “Inner Layer: The 
T-shirt” section. 
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Pleats 
Pleating is an interesting concept. Metaphorically, pleats resemble desert 
dunes (figure 120). The paradox of the pleat is that piled together they 
uncover the skin but add to the garment’s thickness, whereas, spread apart 
they are airy and light but cover more skin. As mentioned previously, pleats 
were used by ancient egyptians to cope with fluctuating temperatures (figures 
38-39). The Taichung Convention Center (figure 121) designed by Beijing-
based MAD Architects used a pleated “solar eco-skin“ that allows for just 
enough air to flow into the building and naturally ventilate it, minimizing 
air conditioning and that “integrates a double photovoltaic glass that … 
reduce[s] energy consumption levels.” The pleated eco-skin is designed so 
that one side is transparent, allowing light in and the other side is solid 
Figure 120. Juxtaposition of 
pleats and desert dunes.
opposite page from left  
to right:
Figure 121. The Taichung 
Convention Center (MAD 
Architects n.d.).
Figure 122. Detail of pleats 
in worker’s coverall found in  
Qatari market.
Figure 123. elbow pleats 
on concept suit to facilitate 
motion but also as mesh-
lined vents to improve 
circulation of air near the 
body’s pulse points.
Figure 124. Pleats used as 
venetian blinds to allow for 
air to circulate while still 
covering face and chest. 
Figure 125. Using expanding 
and retracting quality of 
pleats for head cover. 
Figure 126. Pleats to 
facilitate motion at joints.
(Cilento 2009). Similar to the market-bought coverall seen in figure 122, the 
concept suit has pleats around the waist, but also at the elbows and knees to 
allow for ease of movement. The pleats on the elbows and knees, however, 
are inspired by the Taichung Convention Center and serve as vents. The 
pleats’ outer creases are made of the coverall fabric, while the inner creases 
are made of perforated fabric that allows air to circulate (figure 123). Pulse 
points are located at the elbows and knees and circulating air in these regions 
should facilitate convective cooling. My sketches reflect the different qualities 
of pleats: coverage and ventilation (like venetian blinds) in figure 124; just 
coverage as in figure 125; and ease of motion when located around joints as in 
figure 126.
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Figures 127 (opposite 
page). Permutations of the 
thermoregulation jacket.
Figures 128 (top sketch). 
Thermoregulation jacket 
with cooling features.
Figure 129 (image below). 
Attempted mockup  
inspired by the North 
African block-cut.
The jacket or vest vs.  
the coverall
The torso contains all the body’s 
visceral organs and is therefore 
the most susceptible to thermal 
overload. It is the part of the body 
that most needs thermoregulation, 
in addition to the head, face and neck 
region. So, obviously, the question 
arose, should I just design a vest or 
jacket? The decision was to work 
with the whole body, the whole look. 
Making a concept suit that covers 
the entire body not only protects 
the worker‘s skin from sun and 
blowing sand as he kneels, squats 
and bends over to perform his job, 
but also gives the opportunity to 
communicate a unified look. Figures 
127-128 illustrate some jacket ideas 
and suggested placement of cooling 
components, vents and perforations. 
Figure 129 (image) is a first attempt 
at a jacket mockup using the block-
cut North African style pattern, 
similar to that shown previously in 
figure 15 in the “Brief retrospect of 
work-wear” section. 
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three key words
Following the Icelandic fashion designer, Sruli Recht’s process of identifying 
three keywords to develop and guide the concept of his collection, Field 
Dressing, I decided to embrace a similar exercise. 
At first the words that came to mind were very pragmatic like: comfortable, 
practical, encompassing and insulative. Looking again at Recht’s words, 
tailored, pulsing and visceral, I saw clearly that they were packed with 
emotion. Should my words be, indigenous, insulate, empower? The words 
indigenous and insulate were very descriptive and functional and still lacked 
the emotive qualities I sought. It was necessary, however, to reflect the 
thermoregulatory qualities of the suit. I decided at that point to use: insulate, 
introspect and empower. They were the words that came to mind when 
I thought of the workers. Introspect was meant to symbolize the elusive 
“there’s more than meets the eye” quality I thought these swathed workers 
possessed. It was meant to symbolize the need to look within. It was however 
pointed out that if these words were to describe actions the “suit” embodied 
than the “suit” most certainly will not be able to introspect. So, I ended up 
with only two key words: insulate and empower, reflecting the dual pragmatic 
and conceptual nature of the concept suit. 
Figure 130 shows the mind map with the word introspect, because it was that 
map that brought about the superhero concept. This is considered a pivotal 
point in the thesis. It shifted the focus from purely pragmatic to conceptual, 
and thus the superhero concept was born.
Based on the three key words mind map, a mood board was created (figure 
131 on the following page). Figure 132 (also on the following page) represents 
my design inspirations at this point.
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fruit 
crustaceans
second skin ------ shell 
pod
in cotton
in wool ------ camel wool
bandage ------ turban ------ Tuareg
coffin
smear
detached 
isolate
screen
cut off
prevent 
reduce 
heat
shelter
cocoon
cushion
close off
wrap up  
cover
enclose
swathe
encase
sheath
protect
defend
shield
jla
transformers
fast & furious
people ------ sports ------ defenders ------ super heroes
armor
plants
animals
football
fencing
firefighters
army
police
hero vs. anti-hero
power 
= good vs. evil
alien
menace
nemesis
familiar vs. unfamiliar
trust vs. mistrust
alternate worlds
props - gadgets
design fiction ------ david allen 
(matrix of self management)
light colored underbelly
glossy reflective coat
antlers and extra long appendages
(dissipate heat)
self
self-recognition
self-discovery
self-fulfillment
self-knowledge
self-image
balance
harmony
peace
calm
inspiring 
affirm
power 
enable 
self-actualization
zen
contemplation
meditation
reflection
looking inward
inspiration
fashion trend
clean
minimal ------- uncluttered
calm
empowering messages written 
(printed/engraved/embroidered) 
inside the clothes in the workers 
native language(s)
masculinity
square
top-heavy
hard
rough
manly animals --- bear --- 
lion --- boar
brave --- fierce --- defense ---
active --- positive
80’s power suit
top heavy silhouette
bright
bold
assertive
monotone
solid
color
Figure 130. Three key words 
mind map 
Figure 131 (following page-
left). Three key words  
mood board
Figure 132 (following 
page-right). Fashion and 
superhero inspirations. 
Points of interest: the loose 
form with low crotch by 
Issay Miyake (top image 
in the left column); the 
top-heavy silhouette with 
anonymous face by Issay 
Miyake (bottom image 
in the left column); and 
the top-heavy, American 
football-inspired masculine 
shoulders by Thom Brown 
(bottom image in the 
middle column).
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The superhero
To communicate the superhero 
aesthetic, I chose to signify upper 
body strength by exaggerating 
and accentuating shoulder width 
and by placing pockets to suggest 
chest, stomach and abdominal 
muscles (a six-pack). I still, 
however, wished to maintain a 
loose form and a low crotch to 
facilitate convective cooling. 
Figures 133-137 show initial 
permutations of the heroic 
concept suit. Initial mockups 
of these designs and further 
permutations are shown in the 
“Mockups, more sketching and a 
prototype” section. 
Figure 133 (left). The first 
attempt at incorporating 
the suit’s thermoregulatory 
features in a heroic 
context. The shoulder 
and chest cut suggest a 
muscular physique.
Figure 134 (right). Heroic 
suit featuring gussets and 
a low crotch (inspired by 
traditional North African 
and Middle east clothes). 
The hood is worn draped 
around the neck.
opposite page:
Figure 135 (left) and 136 
(middle). Permutations of 
the super hero concept suit
Figure 137 (right). Back 
view of the super hero 
concept suit featuring 
vents and a flap on the 
upper back to cover a 
mesh insert. A vent is also 
located on the neck.
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It was also interesting to quickly visit 
the emotive quality of the face mask 
and how the shape of the eyehole 
and the placement of the zipper (the 
mechanism used to attach the mask 
to the suit) contribute to the viewer’s 
perception as seen in figure 141. The 
mask becomes the face and bestows 
certain traits and expressions, so 
the wearer may seem approachable, 
suspicious, good or villainous. 
Figure 141. Zipper mob.
The anti-hero
Features such as: long appendages, 
long horns or ears to dissipate heat, 
light-colored under belly, glossy pale 
coat, long lashes to trap sand and 
blackened eyes to lessen the sun’s 
glare (a concept similar to applying 
kohl) help desert animals, such as 
the Oryx (figure 138), deal with heat. 
Figures 139 and 140 mimic some of 
these characteristics. 
However, the resulting sketches 
(specifically, figure 139) did not 
inspire the hero persona that 
onlookers would trust and embrace 
but instead where reminiscent of an 
alien or an anti-hero.
Figure 138 (above image). 
The gemsbok or gemsbuck 
(Oryx gazella) is a large 
antelope in the Oryx  
genus that is native to  
arid regions. 
Figure 139 (left sketch) and 
140 (right sketch). Suits 
that mimic desert animals.
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mockupS,  more 
Sketching and  
a prototype 
In this making phase, it was clear what the concept suit would entail. It 
would consist of a wicking, form fitting and cooling inner layer (the T-shirt) 
with a durable, masculine, loose-fitting outer shell with pleats, vents and 
perforations (the coverall). Making and sketching continued to go hand in 
hand at this stage. I had already made a couple of mockups of the inner 
T-shirt layer48, a mockup of the turban49 and I attempted to make a mockup 
of the coverall. The T-shirt and turban mockups were successful because they 
were simple designs, but the coverall failed dismally because of my limited 
pattern-drafting skills. I decided to seek professional help—a tailor. 
After the tailor made the first coverall mockup (figure 161 in the “Outer layer: 
the coverall” section), I found that sketching alone without actually going 
through the making process was limiting my design and causing confusion. 
By making, I was problem solving, figuring out how the pieces of the concept 
suit would fit together. A mockup would undoubtedly communicate the 
design better than a flat drawing, especially since the tailor who made the 
first coverall mockup did not speak english or Arabic (the only two languages I 
know) and we had to communicate via another employee in the tailor shop. 
48  First mockup for inner T-shirt layer was previously shown in figures 117-119 under “The 
T-shirt” in the “Concept generation “ section and the second is shown in figures 151-152 in the 
following section titled “Inner layer: the T-shirt.” 
49  The turban mockup is in figure 111 shown under “The turban” in the “Concept  
generation “ section.
Also, tailors in Qatar work on set models or by replicating a garment you give 
them. Further investigation revealed that the solution to the mockup-making 
problem might be draping. I draped brown drafting paper around my body 
form to make the flat patterns and succeeded in making my mockups. Figures 
143-146, on the following page, show how I pinned drafting paper to the body 
form, drew the design and then sculpted out each pattern piece. 
When it was time to make a prototype for the thesis exhibition, the tailor was 
unfortunately out of the country, and it was nearly impossible to find another 
tailor who was willing to make my sketches, even when I had a mockup they 
could use as a model. The concept suit had a lot of details and was not the 
type of garment they were used to making. They absolutely refused to make 
it. When I finally found a tailor, he was not as compliant as the first to fix and 
adjust the suit, as needed, and he was only willing to make a professional 
replica of my mockup. With no means to make more than one prototype and 
adjust, test and develop that prototype, I relied on the experimentation I did 
with the three mockups I made. This experimentation was basically to test the 
range of motion by having my son wear the suits and bend over (figure 147), 
reach up (figure 148) and bend over. Regarding the T-shirt inner layer, I wore 
the mockup I made with the cooling pack inserts to see how heavy50 they felt 
and how easy it was to move in it. It was comfortable. This mockup is shown 
later in figure 151-152.
50  each cooling pack is 10 x 10 centimeters and weighs 100 grams.
Social commentary
Finally, I was tempted to play with certain social 
signifiers: henna reserved for females but placed on 
the workers’ hands and neck to cool; kohl mainly 
used by females now, but historically used by both 
genders to protect the eyes; and two black lines 
resembling the agal, a Qatari male status symbol 
and signifier, placed on the worker’s head (figure 
142). These features were not incorporated in the 
final exhibition design as it was difficult to express 
the henna and kohl features on the mannequin, 
however they are shown on the model in the final 
images of the concept suit (figures 185-189 in the 
“Concept suit” section).Figure 142. The agal suit.
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Figure 143 (left).  
Draping the front of the 
third mockup .
Figure 144 (right).  
Draping the back of the 
third mockup .
Figure 145 (opposite page-
left).Draping the front of 
the fourth mockup that 
became the model for  
the prototype.
Figure 146 (opposite page-
right). Draping the back of 
the fourth mockup.
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inner layer: the t-shirt
Wicking, form fitting and cooling are main 
characteristics of the inner layer. The prototype 
T-shirt was made out of AQUAMIRACLe™, a fabric 
that has wicking and UV protective properties. 
Figure 149 shows a sketch of the T-shirt with the 
PCM compartments. Figures 151-152 are images of 
the mockup I made of the T-shirt. The inner layer of 
my concept suit is designed to hold six PCM packs, 
two on the chest, and four on the abdomen. The 
placement of these compartments corresponds 
to the location of the body’s sweat glands and 
thermo-sensitive regions. 
Focusing on these regions to effectively cool the 
body is the same concept used in the Norwegian 
study presented under “PCM” in the “Current 
thermoregulation materials” section. PCM packs 
were chosen instead of microencapsulated PCM 
fabric because: the larger the volume of PCM the 
greater the cooling effect and microencapsulated 
PCM in fabrics loses its potency over time from 
abrasion (wear and tear, washing, etc.). Figure 150 
illustrates the adjustable head and face cover. The 
face cover can be pulled to the back of the head 
when it is not needed. Figure 153 shows different 
views of the final T-shirt inner layer.
Figure 149 (top). Sketch 
of the T-shirt with 
compartments to hold 
PCM packs. Left and right 
sketches are different 
permutations of the cooling 
T-shirt. The middle shetch is 
a back view of the T-shirt.
Figure 150 (bottom). 
Sketch of the adjustable 
face cover. It is flipped back 
when not in use.
Figure 147 (left) and 148 
(right). Testing the mockup 
for mobility.
M
oc
ku
ps
, m
or
e 
sk
et
ch
in
g 
an
d 
a 
pr
ot
ot
yp
e 
 
     Not Another Space Suit - Alia Khairat Not Another Space Suit - Alia Khairat 135134
Figure 151 (left). T-shirt 
mockup with the face  
cover to the front (covering 
the face).
Figure 152. The T-shirt with 
the face cover pushed back.
Figure 153 (opposite page). 
Different views of the 
T-shirt (inner layer of the 
concept suit).
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outer layer: the coverall
Masculine references (a six-pack and accentuated 
shoulders), pleats, vents and perforations, and 
a loose form are the main features of the outer 
layer. The first mockup, shown in figure 161, had 
to be adjusted quite a bit to resemble the sketch. 
The cooling packs were placed on the outer shell 
(the coverall) of this first mockup. This, however, 
would not optimize the effect of the PCM packs 
which should be placed as close as possible to the 
body and should be protected from ambient heat 
by the outer layer of the clothing system. This was 
adjusted by placing the cooling packs on the inner 
T-shirt layer as previously shown in figures 151 and 
153. The outer coverall, however, still retained the 
six-pack inspired pockets that the worker is free to 
use as he wishes.  
The first mockup had many faults: it was too bulky 
around the waist and hips (figure 155), the back 
flap was too big (figure 160), and the crotch was 
too high (figure 161). The back flap was supposed 
to be lined with perforated fabric, but the fabric 
was unavailable at the time.
Figure 154.  
The original sketch placed 
next to the mockup before 
any adjustments.
Figure 155. Back view of 
mockup while adjustments 
were being made.
Figures 156 -157. Front view 
of mockup pre-adjustments.
Figure 158. Front flap added 
by tailor. This was supposed 
to be a chest pocket to hold 
PCM packs. Sleeve was 
supposed to be a raglan cut.
Figures 159-160.  
The back flap. Mesh lining 
should be placed under  
the flap to facilitate 
convective cooling.
Figure 161 (opposite 
page). The mockup after 
adjustments. The crotch 
was made too high.
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Figure 163 (left).  
Circular thermochromic 
insert at the center of the 
chest to indicate workers’ 
thermal load. 
Figure 164 (right). 
Rectangular thermochromic 
patches on the side.
Certain features, such as thermochromic patches that would indicate the 
workers’ level of thermal load and water bottles to accentuate the masculine 
silhouette and encourage workers to drink more water, were explored in 
this prototyping phase. A sample of thermochromic fabric is found in the 
Appendix. 
Pleats around the waist and also at the elbows and knees are a staple feature 
of the concept suit. The pleats in all three locations are to facilitate motion 
but the pleats at the elbows and knees also have an added function. These 
pleats are lined with perforated fabric (figure 123) that encourage convective 
cooling because of the pleats’ proximity to the body’s pulse points located 
behind the knees and on the inner elbow region. Figure 162 shows how I 
made the elbow and knee pleats’ pattern. A sample of the perforated fabric 
(stretch polyester mesh) is found in the Appendix.
Figure 163 and 164 show two different versions of a suit with a 
thermochromic patch. The intention was to have the patch indicate the 
worker’s thermal level, but the question was, how do you indicate only the 
worker’s temperature and not that of his surroundings? 
Figure 162. Pattern for 
pleats located in elbow and 
knee areas.
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Figure 171.  
Placement options for the 
water bottles.
Dehydration is a main contributor 
to heat stress. Having a special 
compartment to hold a water bottle 
in the suit would prompt workers to 
drink more because they would be 
constantly aware of the bottle. As 
they worked they would hear the 
water move and sense its weight and 
cool temperature. 
Figure 171 shows a series of sketches 
that play with the placement of the 
water bottle. The mockups in figures 
172-174 (following page) continue 
this exploration. 
Obviously, there are issues of 
practicality when it comes to placing 
a bottle on the shoulders or tied 
around the arms or even on the 
back, but these are all conceptual 
and metaphoric ideas, meant to 
highlight the importance of the 
water bottle to the workers’ health 
and well being. The water bottles are 
the workers’ ammunition, and the 
placement of the bottle accentuates 
the masculine, superhero gestalt.
Figures 165-170 show some 
experimentation with sealants: 
Nansulate® Translucent clear thermal 
and mold resistant coating by 
Industrial Nanotech, Inc. (figure 166) 
and Liquid Glass resin by Aristocrat 
(figure 167). The idea was to seal the 
surface of the thermochromic patch, 
leaving the inner surface of the patch 
unsealed and exposed, to react to the 
worker’s thermal changes. 
The Nansulate® had no effect and 
cracked when applied too heavily. 
The Liquid Glass worked briefly, but 
the thermochromic fabric started 
changing color as it was exposed to 
heat for a longer time and also heat 
started to seep in from around the 
borders of the sealed area (figures 
169 and 170). 
A thermochromic patch would be a 
good monitoring tool for indicating 
the worker’s thermal state and 
warning him and those around him 
when he is overheated; however, it 
needs further development.
Figure 165 (top left). 
Thermochromic fabric.
Figure 166 (center left). 
Nansulate® Translucent 
clear thermal and mold 
resistant coating applied 
to thermochromic fabric. 
When it dries it becomes 
more translucent. 
Figure 167 (bottom left). 
Liquid Glass resin.
Figures 168 (top right), 
169 (center right) and 170 
(bottom right). Testing 
the sealed thermochromic 
fabric by exposing it to 
hot water.
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Figure 172 (opposite page-
left). Placement of pockets 
in mockup number two.
Figure 173 (opposite page-
right). Front view of mockup 
number two. 
Figure 174. Three views of 
the third mockup.
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The prototype made by the tailor was based on the fourth and final mockup. 
The final mockup was made of the twill fabric (shown in the Appendix) chosen 
for the prototype and has the same orange top stitching (figure 175). Twill 
was chosen to make the coverall outer layer because of its durability and its 
relative light weight. 
The color scheme of blue and orange was chosen for a number of reasons: 
both are bright complementary colors that are consistent with a superhero 
palette; they symbolize contradiction (hot and cold, worth and worthlessness, 
power and weakness), and the colors were inspired by the research and the 
workers’ environment (blue indicates cold and is inspired from the Tuareg’s 
indigo and the “blue-collar” concept, while orange indicates hot and is used 
on site as a bright warning color in vests and orange traffic cones). 
Impressed with how the egyptian galabiya was cut with zero fabric waste 
(page 15), I tried to minimize the amount of fabric waste as I placed the 
patterns to cut the final mockup (figure 176). Designing patterns that leave 
zero-waste, however, is a whole new thesis topic and a future direction I 
would be interested to explore.
the concept Suit  
The following two spreads show the final mockup and concept suit. Figures 
177-184 show the final tailor-made mockup. Figures 185-190, on the following 
pages, are images of the concept suit worn by model Dylon Adonis, with the 
Doha skyline as a backdrop. In addition to the pleats that were lined with 
perforated lycra located on the elbows and knees (previously in figure 123 
under “Pleats” in the “Concept generation” section), the final mockup also 
has perforated lycra gussets located in the under-arms (figure 183) and crotch 
region (figure 184) to further encourage convective cooling. The location 
of sweat glands in the under-arms and crotch region make these regions 
thermo-sensitive. The crotch region is also especially susceptible to chafing. 
Additionally, a perforated panel to facilitate evaporative and convective 
cooling is located on the back (Figure 179). 
Many of the previous designs featured a central front opening. In practice, 
however, it resulted in very small, six-pack-like pockets. Opting for the 
side opening increased the size of the front “six-pack” pockets so that they 
would have enough room to actually hold tools and other items workers 
were carrying. These items would add definition to the workers’ “six-pack” 
as shown in figure 178. Velcro is used to shut the front opening (figure 182) 
because of its ease and to avoid zipper malfunction, caused by repeated 
use and trapped sand particles. Similar to other coveralls in the market, the 
concept suit has side openings on either side providing access to the pants 
worn underneath (figure 180).
Figure 175 (opposite left).
Orange top stitching.
Figure 176 (opposite right).
An attempt to minimize 
fabric waste.
Following spread:
Figure 177 (verso). Three 
different views of the 
concept suit.
Figure 178 (recto).  
Bulging six-pack.
Figure 179. Detail of 
perforated back panel.
Figure 180. Side opening 
and pleats at the waist. 
Figure 181. Waist pleats.
Figure 182. Detail of face 
cover and front opening 
with Velcro.
Figure 183. Detail of under 
arm gusset. 
Figure 184. Detail of crotch 
region gusset.
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Figure 185. The concept 
suit. Model: Dylon Adonis.
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suit. Model: Dylon Adonis.
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Figure 186. Different views 
of the concept suit. Model: 
Dylon Adonis.
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Figure 187. The Inner,  
T-shirt layer with cooling 
pack inserts. Model:  
Dylon Adonis. 
Figure 188. The Inner, 
T-shirt layer. Notice henna 
spot on the pulse point 
region of the inner wrists.  
Model: Dylon Adonis. 
Figure 189. Henna  
spots on the neck.  
Model: Dylon Adonis. 
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Figure 190 (previous page).
Thesis exhibition wall. 
Figure 191 (below). Some 
of the panels that lined 
the bottom third of the 
exhibition wall.
Figure 192 (following 
page). exhibition set up.
exhibition
The exhibition is a summary of all the research and main concepts, presented 
in a comic book format to emphasize the conceptual direction of the thesis 
project. The design of the concept suit borrowed from fiction to highlight the 
problem of migrant workers’ thermal comfort and to comment on their place 
in the social pyramid. This is indicated by the exhibition wall’s layout seen, 
on the previous page, in figure 190. The wall depicts the migrant worker’s 
fictional journey from a humble, complacent, bland figure to a larger than 
life, confident hero. The Chronicles of Heat relates the visual transition and 
also provides brief comments and facts about each stage. A panel showing 
“Inspirations,” “Precedents,” “Materials,” and “experimentation” (below in 
figure 191) was placed against the lower black section of the exhibition wall 
to provide further understanding of the thesis project. Figure 192 shows how 
the exhibition was set up. Two mannequins, one showing the inner T-shirt 
layer and the other dressed in the prototype coverall, were placed facing the 
exhibition wall as if they were looking upon the superhero journey. Speech 
bubbles at the base of the mannequins label each one. The speech bubble 
at the base of the T-shirt mannequin reads, “Layer 1: comfortable, form-
fitting, cooling, wicking,” while the second speech bubble at the base of the 
coverall reads, “Layer 2: durable, loose. Will the suit make the man?” There 
is a black line connecting the T-shirt mannequin to the T-shirt wall panel and 
another line that connects the coverall mannequin to the superhero. The 
last panel, “the superhero” is the concept suit with thermochromic patches 
and hydration pockets. The prototype suit on the mannequin actualizes the 
illustrated concept suit. 
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Thermoregulation solutions 
inspired by Gulf architecture and 
research into cooling materials are 
represented in the third panel (figure 
195). The overall look of the concept 
suit has a glimpse of the hero at this 
point. Panel number four (figure 
196) is inspired by the ethnographic 
research conducted in Chapter 2: 
“Precedents,” specifically the Tuareg. 
As mentioned earlier, the idea of 
making compartments in the turban 
to hold cooling packs was inspired 
by the bubble effect exterior of the 
Beijing “Water Cube” (described 
under “The turban” in the “Concept 
generation” section).
Panel five (figure 197) represents the 
first truly visible metamorphosis to 
superhero and the exploration of the 
different materials that make the 
superhero suit and give it its power. 
Figure 193 (left). Panel one: 
The bland, monotone, life-
size migrant worker.
Figure 194 (right). Panel 
two: “Sweat glands and 
pulse points” illustrates the 
physiological aspect of  
the thesis.
Figure 195. Panel three: 
Gulf architecture-inspired, 
strategically placed “vents 
and perforations.”
Figure 196. Panel four: “The 
turban” inspired from the 
Tuareg tribe.
Figure 197. Panel five: The 
cooling, wicking T-shirt.
The following section briefly explains 
each of the eight milestones in the 
worker-hero journey, illustrated on 
the exhibition wall. Separate Images 
of the eight panels are shown on the 
following pages.
The first panel (figure 193) is of the 
migrant worker in his current state; 
the colors used to depict him are 
bland and nondescript 
—he is overlooked. 
The second panel (figure 194) 
summarizes my research into heat 
and how it affects the body. The 
text relates some of the information 
gathered from the workers 
questionnaire presented in  
Chapter 2: “Precedents.” 
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Panel six (figure 198) continues to 
emphasize the hero aesthetic. The 
seventh panel (figure 199) highlights 
the hero’s toolbox equipped with 
a hydration pack, and finally, the 
realization of the superhero persona 
emerges on the eighth panel (figure 
200), ready to face the heat, make a 
statement and take control.
Figure 198. Panel six: 
Masculine, but loose  
hero form.
Figure 199. Panel  
seven: Hydration.
Figure 200. Panel eight:  
The superhero.
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concluSion
This thesis is an example of how the design process may be used to identify, 
define and scope a problem, as well as to obtain, organize and synthesize large 
amounts of interdisciplinary research in order to generate design concepts and 
solutions. The issue explored in this thesis is not just that of migrant workers’ 
thermal comfort, but it also is about the psychological and social implications 
of this. It is about the workers’ right to be recognized as a vital member of the 
Qatari community and their right to be provided with the tools and protection 
they need, whatever they may be, to perform their jobs. The thesis is about 
using fiction to augment reality. It is about juxtaposing the current worker 
image with the hero to highlight this physical and social problem.
From the very start, the aim was to design a low-tech garment to improve 
thermal comfort and that is what the concept suit is. It is not another space suit,  
rather a modification to the original coverall to allow for inexpensive, intuitive 
and versatile heat management. 
Findings 
The heat
As seen, Qatar’s high-index urban heat poses a serious problem for 
approximately 26% of the population. Workers not only have to deal with 
the heat their bodies generate, as a result of normal metabolic processes 
and physical activity, but they also have to endure a sauna-like climate. 
They are exposed to the stifling climate, not only at work, but also in 
their accommodations. Continuous thermal stress is exacerbated by sleep 
deprivation (“Thermoregulation machine” section), predisposed dehydration 
(“Acclimatization” section) and the workers’ crouched posture (“Second skin” 
section). These factors— combined with the fact that heat stress symptoms are 
frequently overlooked and timely medical care is unavailable—may prove fatal.
Up-to-date and specific statistics about heat injury and demographic 
information about the patients was exceedingly hard to access. The statistics 
obtained from 2011 and 2010, however, indicate that over a thousand heat-
injury cases are admitted to Hamad Medical Corporation (HMC) between the 
months of May and September, but these are just the cases that reach the 
hospital and that are diagnosed as heat-related. The problem with heat stress is 
that it impairs the worker’s physical and mental alertness, making him subject 
to work-related injury and compromising his safety and the safety of his co-
workers. This ultimately affects the company’s level of productivity and hence 
Qatar’s economy.
The workers questionnaire (“Current clothing system in Qatar” section), which 
surveyed a random sample of 791 workers from seven different contractors, 
highlighted a number of issues: the workers’ water intake in relation to the 
number of hours they work was inadequate; the workers were exposed to 
heat, even before they arrive to the work site, because of the absence of air-
conditioned transportation; and the short life-span of the workers’ clothes 
because of daily wash and wear. 
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evaluation 
Because of the dual nature of the concept suit, evaluation will be presented in 
two sections: a section summarizing the research and precedents that formed 
the thermoregulatory aspects of the suit and a section that sums up the 
aesthetic influences that formed the superhero image. 
A thermoregulation suit 
every aspect of the concept suit relates to scientific studies, research or patents. 
even features inspired by the ethnographic study (“Indigenous clothing system” 
section) were found to have scientific justification. 
The aim of this thesis was to use indigenous heat management systems and 
current low-tech materials to design a concept suit that would facilitate 
thermal comfort. The suit would be simple and intuitive, promoting incremental 
improvement to the worker’s current coverall, without the tubing, valves and 
equipment that space suits or Personal Protection equipment (PPe) feature. This 
was achieved by incorporating elements of the research presented in Chapter 
2: “Precedents.” Figure 102 (in the “Synthesis” phase of Chapter 3: “Design 
Process”) summarizes the main concepts distilled from the research and 
incorporated in the design of the concept suit. The main concepts are described 
in the following section.
The head, face and neck
The ethnographic study revealed that the head, neck and face were always 
covered by desert dwellers. Migrant workers in Qatar have also adopted this 
practice, and survival experts Davenport and Alloway recommend it. British 
Colonialists in India adopted the “pith helmet” to cover the head. Wilfred 
Thesiger, the British explorer and Orientalist, and the 1960’s NASA Apollo Space 
team, who trained in the Nevada desert, not only covered their heads and 
necks, but also wore Arab-style robes. The importance of the head, neck and 
face in facilitating heat exchange is supported by a number of studies. Mount 
states that 40% of total heat loss, especially in windy conditions, is from the 
face region (Mount 1979, 151) and Tyler and Sunderland showed that cooling 
the neck region allowed athletes to tolerate higher core temperatures and 
dampened the body’s perception of thermal stress (Tyler and Sunderland 2011). 
Structures that promote heat exchange
The “desert robes” study by Shkolnik et al. concluded that the color of the robes 
had little effect on the rate of heat exchange because the robes’ voluminous 
structure promoted convective cooling, by means of a “bellowing” action 
or “chimney” effect (Shkolnik et al. 1980). A loose, voluminous structure is 
a common feature in traditional clothes worn by the peoples of the Sahara 
Desert, the Arabian Desert and its surrounding Levant regions, and the Thal, 
Cholistan and Kharan desert regions of Pakistan. Loose structures also facilitate 
evaporative cooling. 
Ho et al. (page 56 in the “Loose, flared cotton” section) proved not only 
that added fullness improved thermal comfort, but that strategically placed 
ventilation holes facilitated convective and evaporative cooling (Ho et al. 2011). 
The use of vents with mesh inserts by Rudman (Rudman 1998) and Ruckman 
et al. (Ruckman, Murray, and Choi 1999) documented improved cooling (page 
73 in the “Qatar national dress” section). The effectiveness of perforations 
in areas of high thermosensitivity and areas of profuse perspiration, such 
as the back and the underarms, is also demonstrated in sports wear. Vents 
and perforations are not just used in clothing, but have been used in Gulf 
Architecture to cool interiors. Architecture was a design instigator  
(pages 106-110).
suit design also made use of the fact that certain areas of the body have high 
allesthesial thermosensitivity, such as the head, neck, and face regions, and 
other regions, such as the body’s pulse points and sweat gland regions, are 
quicker to cool down (“Thermoregulation machine” section).
The hero
The views of authors such as Jennifer Craik, Oliviero Toscani and Olivier Saillard 
about the psychological effect of clothing, specifically the effect of uniforms, 
were presented in Chapter 1: “Context.” We, however, are intuitively aware of 
the link between clothes and self-worth. As previously discussed, when we are 
“dressed for the part” we have the confidence to play it well, and we project 
the skill needed for that role. In the case of the migrant worker, his work clothes 
are provided for him. However, as shown in this thesis, these work clothes offer 
minimal protection against one of his most dangerous foes—heat. So, even 
though this worker, and others like him, are literally building the country and 
are crucial to the economy, they are treated with little respect, as if they are 
expendable. What this thesis aimed to do was to bring back the worker’s sense 
of pride and self-value. 
The superhero is the most blatant embodiment of ability and strength. 
Superheroes are often thought of as agents of empowerment and beacons of 
hope. The superhero-migrant worker analogy is intended to bestow the worker 
with hero-status, recognizing the worker’s perseverance and superhuman 
strength to endure strenuous work conditions in brutal heat. The heroic concept 
suit is a statement—I, the worker, have rights and will be recognized. The 
suit, with its thermoregulatory features, should improve the worker’s thermal 
comfort, thereby boosting worker morale and instilling a sense of pride in his 
work and the company that is providing for and protecting him.
The clothes
Many factors contribute to migrant workers’ thermal stress: some are 
logistical, and behavioral while others are administrative and legislative (“Heat 
management in Qatar” section). This thesis chose to address thermal stress 
at a more intimate level—the workers’ clothes. Clothing forms the body’s 
outermost shell. In essence, it is the workers’ first line of defense against solar 
and terrestrial radiation and from blowing sand and dust. A layer of clothing is 
therefore preferred to the nude form, as discussed in the “Second skin” section, 
by Guowen Song (Song 2011, 166) and L. Mount (Mount 1979, 164–165). 
Clothing also has a direct impact on the rate with which heat is exchanged 
between the body and its surroundings. Apart from the perforated side panels 
featured in one of the market-bought coveralls examined in the artifact analysis 
(figure 87), and the different, sometimes makeshift, head and face covers worn 
by migrant workers (figure 53-60 in the “Current clothing systems in Qatar” 
section), the current migrant worker uniform is not designed to address the 
issue of thermal stress. 
The concept suit was designed to be all encompassing and uses the four 
methods of heat exchange: radiation, convection, conduction and evaporation, 
to facilitate cooling. However, because high humidity, high ambient air 
temperature and low wind velocity severely impede cooling, certain 
considerations were made. Because of high humidity, the concept suit did 
not rely on evaporative cooling methods that required soaking, but did use a 
wicking inner layer to transport excess moisture away from the skin and on to 
the outer layer of the garment to be evaporated. PCM was placed on areas of 
high thermosensitivity to facilitate conduction, counteract high ambient air 
temperature and maintain a moderate microclimate. The suit’s loose fit and 
the use of vents and perforations encourage the circulation of air as the wearer 
moves and thereby promote convective and evaporative cooling. The concept 
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further directions 
Based on the amount of research gathered, this thesis could have gone in many 
directions. If there was one thing I would have liked to do differently, it would 
have been to design a bolder, more outrageous, superhero-inspired statement 
suit, incorporating controversial elements of the Qatari national dress similar 
to the agal suit shown in figure 142. Would this have been perceived as a cruel 
parody? I am not sure, but it would have served as a shocking statement. 
Testing and marketability
This thesis presented a concept suit. yes, it does have functioning features, but  
it is ultimately a statement suit, designed to highlight an issue. To fully realize 
this suit and benefit the targeted migrant worker population, the suit should 
first be scientifically tested to ensure that it does provide measurable thermal 
relief in Qatar’s climate, and it should also be tweaked to ensure marketability. 
Safety improvements 
To facilitate on-site safety, certain strategic areas of the concept suit should 
include high visibility fabric and reflective strips.
Sustainability
Utopian thermoregulation wear should follow a closed–loop “cradle-to-cradle” 
cycle. Materials should not only grant thermal comfort but also be sustainable, 
and the final product should be designed for disassembly. As shown previously, 
zero-waste was mentioned in this thesis in relation to the egyptian galabiya.  
The concept of designing garments based on patterns that produce zero waste 
when cut is intriguing and merits further study.
Henna
The henna experiment has opened the door for a new type of naturally dyed, 
ethnically inspired cooling fabric. The possibilities are endless: clothes, bed linen, 
scarves for a rapidly growing veiled population and sport or leisure wear may all 
be interesting avenues in which to use henna. A question that comes to mind is: 
can henna be used with other dyes to create a wider color palette?  
Tourism
Qatar is intently focused on promoting tourism, first of all to promote the 
Qatari “brand” and, second, to find alternatives to its oil-based economy. 
Campaigns to promote Qatar as a 48-hour “leisure layover hub” (Lang 2010), 
promoting the country as a meetings, incentives, conferencing and exhibitions 
(MICe) destination, the new Doha International Airport and the international 
sports events Qatar hosts and is planning to host, such as the FIFA 2022, are all 
indictors of this focus.
Using the hero concept suit as a symbol of the latent force behind the 
contemporary Qatar, and playing on the fictional, comic-book quality of the 
concept suit, a line of iconic tourists’ wear could be developed. These garments 
would be developed around the thermoregulation features of the concept 
suit, such as perforated gussets, pleats, the hooded T-shirt and compartments 
for cooling packs. Graphic, comic-book style motifs could be added to the 
garments, referencing the workers. Proceeds made from the sale of these 
garments could go towards improving the condition of migrant workers 
in Qatar. The FIFA 2022 also offers a prime opportunity for developing the 
hooded cooling T-shirt as a fan jersey. 
The Ancient egyptians used pleats for thermoregulation. Pleated structures 
are also used in architecture, such as in the Taichung Convention Center, to 
regulate the passage of natural light and air. Pleats are used in the concept suit 
to facilitate joint movement. They are also used as vents lined with perforated 
fabric to encourage convection around the body’s pulse points (figure 123). 
Gussets inspired by the traditional egyptian galabiya and made of perforated 
fabric were placed under the armpits and in the crotch region of the concept 
suit to encourage convective and evaporative cooling.  
Moisture management
A synthetic, wicking fabric (AQUAMIRACLe™) is used in the inner layer of the 
concept suit to remove excessive moisture, promote evaporative cooling and 
prevent chafing. Synthetic fibers, such as polyester, have been cited repeatedly 
for their superior wicking capabilities in comparison to more traditional  
natural fibers, such as cotton and wool— as demonstrated by their exclusive  
use in sportswear.
Cooling materials
Cooling vests, such as the Nike cooling vest and the ergodyne Phase Change 
Material (PCM) vest, are used to counteract and postpone the effects of heat. 
In Qatar’s intense heat index, depending entirely on convective and evaporative 
cooling is not enough, and some form of conductive cooling is required. PCM 
was chosen rather than cooling gel packs because PCM adapts to the body’s 
thermal state. The Norwegian study (Reinertsen, Fǽrevik, and Holbǿ 2008) 
corroborated the placement of PCM packs in the concept suit’s inner T-shirt 
layer. The study (page 82) also supported the choice to place PCM salt hydrates 
(Glauber’s salt) in packs rather than micro-encapsulated PCM because a 
sufficient amount of PCM is needed in order to achieve cooling and because 
microencapsulated PCM wears off of the fabric very quickly as a result of 
constant wash, wear and tear.
The henna experiment showed that henna-dyed fabric does, in fact, reduce 
temperatures reaching the inner fabric surface and therefore the skin. Because 
of henna’s warm, earthy appearance it was not used to dye the concept suit, 
which needed to evoke a heroic and cooled look. However, this could be a 
further direction to pursue. Henna used on the body’s pulse points, as shown in 
figures 188-189 on pages 152-153, is recommended to cool the worker.  
Layers
Multi-layered clothing systems, such as Gortex and Hydroweave, are widely 
used to offer thermoregulation solutions in high performance gear, PPe and 
industrial wear. Desert dwellers, such as the Tuareg, use layering to trap 
terrestrial and solar radiation, as well as sand and dust, while allowing air 
to circulate and convection and evaporation to occur. The concept suit thus 
consists of two layers, an inner wicking and cooling layer and an outer  
insulating layer. 
A hero’s suit
Inspired by the Icelandic fashion designer Sruli Recht’s three key words 
approach, my keywords, insulate, empower and introspect, when incorporated 
into a mind map and mood board, brought to life the superhero concept. 
Fashion designers such as Issay Miyake and Thom Browne, and superheroes 
such as Ironman, Superman and Green Arrow inspired the hero gestalt. 
Accentuating upper body strength, and hence the suggestion of a superhero, 
was by means of exaggerated proportion (wide shoulders and underarm 
gussets), six-pack pockets and accentuating top stitching. 
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chart 6a: what do you wear uNder 
your work clothes?
chart 6b: what do you wear uNder your 
work clothes?
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* Total Number of Responses: 595 (75%)
* One worker may be given more than one type of garment
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chart 11: how maNy times a 
week do you shower?
chart 12: is traNsportatioN 
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henna experiment
tables
Time(Min) Control (OC) Yemeni Black (AW) Yemeni Red (FW) Sudanese ZD (HW) Sudanese LD (DW)
0 23.4 25 24.1 24.2 24.3
2 41.6 44.4 38.8 38.8 35.8
4 48.3 50 45.1 39.2 42.9
6 50.2 51.8 46.7 40.6 44.2
8 52.5 51.9 47.3 40.6 44.7
10 51.6 52.7 47.5 42.3 45.2
12 52.1 52.6 49.3 43.5 45.1
14 52.5 53.2 49.6 44.2 43.3
16 54.2 53.6 49.8 44.6 45.9
18 54.4 53.5 50.1 44.6 44.8
Time(min) control (oc) yemani black (aw) yemani red (Fw) sudanese Zd (hw) sudanese ld (dw)
0 23.4 25 24 24.6 24.4
2 51.3 52.3 46.6 44.9 47.4
4 60 60.5 50.9 50.7 56.5
6 62.8 61.5 52.8 52.5 58.5
8 62.2 62.4 52.8 52.1 59.1
10 62.7 63.9 53.6 53.2 59.6
12 63.2 63.9 59.5 53.6 59.5
14 63.7 64 60.6 54.5 60
16 63.6 64.4 61 54.7 58.7
18 63.4 64.2 61.1 54.8 57.8
table 1: iNNer layer temperatures
table 2: outer layer temperatures
Table 1.  
Inner temperatures.
Table 2.  
Outer temperatures.
Table 3. Inner and 
outer temperatures.
Time(min) outer surface 
oc
inner surface 
oc
outer surface 
aw
inner surface 
aw
outer surface 
Fw
inner surface 
Fw
outer surface 
hw
inner surface 
hw
outer surface 
dw
inner surface 
dw
0 23.4 23.4 25 25 24 24.1 24.6 24.2 24.4 24.3
2 51.3 41.6 52.3 44.4 46.6 38.8 44.9 38.8 47.4 35.8
4 60 48.3 60.5 50 50.9 45.1 50.7 39.2 56.5 42.9
6 62.8 50.2 61.5 51.8 52.8 46.7 52.5 40.6 58.5 44.2
8 62.2 52.5 62.4 51.9 52.8 47.3 52.1 40.6 59.1 44.7
10 62.7 51.6 63.9 52.7 53.6 47.5 53.2 42.3 59.6 45.2
12 63.2 52.1 63.9 52.6 59.5 49.3 53.6 43.5 59.5 45.1
14 63.7 52.5 64 53.2 60.6 49.6 54.5 44.2 60 43.3
16 63.6 54.2 64.4 53.6 61 49.8 54.7 44.6 58.7 45.9
18 63.4 54.4 64.2 53.5 61.1 50.1 54.8 44.6 57.8 44.8
table 3: all iNNer aNd outer layer temperatures
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oraNge  cottoN twill thermochromic fabricblue cottoN twill aquamiracle™stretch polyester mesh
material SampleS
figures
Figure 201.  
Material samples.
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